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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.
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‘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.
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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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APPENDIX A

FIELD REPLICATE GRAPHS WITH COEFFICIENTS OF DETERMINATION (r2) FOR

 DISSOLVED AND PARTICULATE N AND P
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APPENDIX B

 NITROGEN AND PHOSPHORUS COMPARISONS WITH REGRESSION ANALYSES
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APPENDIX C

ANALYTICAL PROCEDURES USED IN THIS STUDY

‘ Taken from CBL 'S Nutrient Analytlcal Services Laboratory Methods Book

1. ORTHOPHOSPHATE
2. NITRITE+NITRATE

3. TOTAL DISSOLVED N AND P

4. TOTAL P (ACID PERSULFATE)
5. KJELDAHL N

6. PARTICULATE N (DIRECT)

7. PARTICULATE P (DIRECT)
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Nutrlent Analytical Services Laboratory

oo

STANDARD OPERATING PROCEDURES

_ Christopher F. D'Elia
. +Nancy L. Kaumeyer
Carolyn L. Keefe St
- Diane L. Shaw LEBAV N

‘ ‘g;s,gggg fanw e i ‘.Kathryn V. Wood -

Carl F. Zimmermann

Chesapeake Biological Laboratory (C8L)
University of Maryland
Box 38
Solomons, Maryland 20688

April 1987



~Filtered samples are passed through a granulated copper cadmium
column to reduce nitrate to nitrite. The nitrite (originally

- present plus reduced nitrate) is then determined by diazotizing w

. sulfanilamide and coupling with N-l-napthylethylenediamine

- dihydrochloride to form a colored azo dye. Nitrate is obtained b:

‘}subtractlng NOg+. NO3 from NO, values. - = .

&Afﬂgihgdglggz: Technlcon Industr1a1 Method: 158-71 w/A
o .. EPA. 1979. Chemical Analysis of Water and Wastes

* USEPA-600/4-79-020. Method #353.2.
Eanifgld Assembly: See figure 2.

Yellow/Orange Sample Tubes: 2.0, 1.0, 0.t
©~Black/Black Sample Tubes: 9.0, 6.0, 2.0, .

) g y
B e d e Ty
Puys i

 ’£im2ling Rate: 40 hours “9;1"samp1e/wash ratio
 Filter: 550 nm :

s

- Phototube: 199-B021-01 Flowcell: 50 mm

- Interferences: Metal ions may produce a positive error if present

' in sufficient concentrations. The presence of
large concentrations of sulfide and/or sulfate
will cause a large loss of sensitivity to the
copper-cadmium column,

Reagents: |
1. Ammonium Chloride Reagent:
Ammonium Chloride (NH4Cl) 10.0 g
Alkaline Water 1000 ml

Dissolve 10.0 g (NH4Cl) in alkaline water and dilute to
one liter. Alkaline water is prepared by adding ~ 2 m’
concentrated Ammonium hydroxide to one liter of deioni
water. Should attain a pH balance of B8.5.

2. Color Reagent:
Sulfanilamide'(CGH N,0 S) 20.0 g

Concentrated Phosphoric Acid (H3POy) 200.0 ml
N- l-naphthylethylene01am1ne dihydrochloride
Deionlized Water 2000 ml

Brij-35 1.0 ml



To approximately 1500 ml of deionized water, carefully a
200 ml of concentration H3PO,4 and 20 g of sulfanilamide.
A F e sl Dissolve completely (heat necessary). Add 1.0 g of N-1-
i s b ittt niiinn ‘naphthylethylenediamine dihydrochloride and dissolve.
- Dilute to 2 liters with deionized water and add 1.0 ml
. Brij-35. Store in a cold, dark place.

: :‘?_Ten grams of cadmium are cleaned with 50 m1l of 6 N BEC1 fo
~one minute. Decant the HC1l and wash the cadmium with
~another 50 ml portion of 6 N HC1l for one minute.

e

%“7Decant the HC1 and wash the cadmium several times with
: dlStllled water,

~’§§2§ee£nt the dlstllled water and add 50 ml of 2% (W/V) CuSo
&~:§H fWashthecadmlumunt111u>b1uecolorremalns1n
solu ion. e i

03 e
e

5. Add another 50 ml of 2 CuSO4 * 5SH-O and wash the caémlum
until no blue color remains in solution.

6. Decant and wash throughly (approximately 10 times) with
-+ deionized water.

7. Fill the reductor column with ammonium chloride reagent &
: transfer the prepared cadmium particles to the column usi
a Pasteur pipette. Be careful npot to allow any air

bubbles to be trapped in the columnn. The column is a 22
cm length of 0.110" ID tubing.

8. When the entire column is fairly well packed with granule
insert glass wool plugs at both ends of the column, with
reagents running through the system attach the column.
Remember to have no air bubbles in the valve and to attac
the column to the intake side of the valve first.

9. Check for good flow characteristics (good bubble pattern
If the column is packed to tightly, you will get an
inconsistent flow pattern will result.

Prlor to sample analysis, condition the column with approximately

100 mg N (nitrate)/1 for 5 minutes followed by 100 mg N (nitrite)/1 for
10 minutes. '



_A. " Stock Standard: ~Dissolve 0.5055 g KNO; into one liter ot
.. .Geionized water (1 ml = 5 ug-at N).

§‘ ity

'B." ' Working Standard A: 0.8 mls of stock standard up to 100
- with deionized water yieldg 40 ug at N/1 (0.56& mgN/1).

..Morking Standard: 0.8 mls of stock standard up to 200 n._
“with deionized water yields 20 ug at N/1 (0.28 mgN/1).
77 1.0 mls and 1.5 mls of stock standard up to 100 ml with
" deionized water yields 50 and 75 ug at N/1, respectively
- (.70 and 1.05 mg N/1) for use with the orange-yellow san

tube and yellow-blue NH,Cl tube employed with sample

~concentrations < 0.56 mg N/1 (NO3~ + NO,7).

2.5,‘.:5\\.!0,:;10.0, 15.0, 25.0 mls of working standard A up
. 100 ml with deionized water yields 1.0, 2.0, 4.0, 6.0 ar.
10.0 ug at 'N/1 or .014,‘":’042\@8,:.05\6, .084, and .14 mg N/1

T

SR ¥ N
b




MANTFOLD OO IGURATION FOR NITRATE

To Sampler Wash Receptécle—

\\ g p

Reductor

Tube 00000

.~ 22 Tumns
000008

lfebubbler
Waste

Waste -

COLORIMETER

550 nm

S0 mm F/C x 1.5 mm ID

199-B021-01 Phototube

GRN/GRN (Water)

BLK/BIK (Air)

YEL/YEL (Ammomium Chloride)
BLK/BLK (Sampie)
BLK/BLK (Air) -

BLK/BLK (Colar Reagent)

WHT/WHT

GRY/GRY (From: F/C)

Note: If sample concentration >.56 mgN/1
substitute:YEL/BLU for Ammonium Chloride
ORN/YEL for Sample

Sampler
- 40/hr.
9:1




Orthophosphate:
Atiunbm.um moiybbété and antmony potassium tartrate react in an acid
medium to form an antimony — phos phomolybdate complex which is
reduced to an mtensely blue colored complex by ascorbic acid.

ng;hgiglmy Techm.con Industnal Method No. 155-71w
§ - EPA. 1979. USEPA-600/4-79-020. Method £365.1

Ham.ﬁoldAssgnhlx See figure 20

S:andﬁxd.cal;bzatlgn.Sgttlngs 9.0, 6.0, 3.0

Damp, Normal

m BaLe 40/hr. 9:1 ésample/wash ratio

Ellt:: 830 nm f*’
T

' ghéﬁg;gbg:' 195-B021-04 é]gﬁggzls S6m i
.Intgrf.gz_enggs, ~Silicon at a level of 100 ug at Sl/l causes an

interference equivalent to approximately 0.04 ug
at P/1.

., PReagentsr V
\ 1. Sulfuric Acid (4,9N):
Sulfurlc Acid (H SO4), concentrated

(sp. gr. 1.8 136 ml
Deionized Water (QS to ) 1000 ml1

Add 136 ml conc. H,S04 to approximately 800 ml good
quality deionized water while cooling (cold water
bath). After the solution is cooled, dilute to cne
liter with deionized water.

2. Amonium Molybdate:

Anmonium Molybdate [(NHy) g Mo094 * 4 Hy] 40g
Deionized Water 1000 ml

Dissolve 40 g of ammonium molybdate in 800 ml of
deionized water, Dilute to one liter with deionized
water. Store in plastic bottle away from direct
sunlight.

3. Ascorbic Acigd:

Ascorbic Acid (CgHgOg) ~ 18.0 g
Deionized Water 1000 m1



D'issolve 18 g. of ascorbic acid in 800 ml. deionized water.
Dilute to one liter with deionized water and dispense
(approx.) 40 ml. into clean polybottles and freeze.

‘ Antmony Potass:.um Tartrate [(K(SbO)C4H406 * 1/2 Hy] 3.0 g
| Deionized Water Fripid : < 1000 ml

& Dlssolve 3.0 g antimony potassium tartrate in 800 ml
deionized water. Dilute to one liter with deionized
water.

5. Sodium Lauryl Sulfai:ﬁ ds9) :
" Sodium Lauryl Sulfate (Sodium Dodecyl Sulfate M.W. =

~ 288,38; Phosphate £ 0.0001%) 3.0 g
. Deionized water - 100 ml

: Dissolve 3.0 g SLS in 80 ml deionized water.,
-~ Dilute to 100 ml with deionized water.

a. PReagent A: Sulfuric Acid (4.9N) 50 ml
. Ammonium Molybdate 15ml
Antimony Potassium Tartrate 5 ml + 1 ml SLS

b, Reagent B: Ascorbic Acid 30 ml + 0.3 ml SIS
Standards

A, Stock Stancard: Dissolve 1.63Zz g KH,PU, 1nto one
liter deionized water and add 1.0 ml chloroform as
a preservative (1 ml = 12 ug at P). )

B. Secondary standard: Take 1.0 ml of stock standard
and éilute to 100 ml with deionized water (0.12)ug
at P/ml).

C. Morking Standards: 0.1, 0.25, 0.5, 2.5 and 5 mls of
B up to 100 ml with deionized water yield -
concentrations of 0.12 ug at/1 (0.00372 mg/1),

0.3 ug at/1 (0.0093 mg/1l), 0.6 ug at/1 (0.0186 mg/1),
1.2 ug at/1 (0.0372 mg/1), 3.0 ug at/1 (0.093 mg/1)
and 6.0 ug at/1 (0.186 mg/1).



E!. ]:

Dissolved organic Carbon, Nitrogen and Phosphorus are described
below. All procedures except Kjeldahl require the addition of potassium
persulfate to a sample, which when under heat and pressure break down the
organic constituents to inorganic forms. Inorganic fractions are then
_ subtracted from the total dissolved sample to yield the dissolved organic
~ concentration. (Figure ____ and __). :

e «,ﬁﬂd age:

Surface, bottom, above and below pycnocline water samples are
collected via a submersible pump system. Collected water samples are
filtered through GF/F filters (nominal pore size 0.7 um) and placed in

appropriate containers and preserved (Table ___ ). % _
0 "'Dissolved Organic Carbon ' =~ =20 ' " Preege
- Dissolved Nitrogen/Phosphorus 10 : Freeze
- Dissolved Phosphorus (Acid Persulfate) 20 Freeze
Dissolved Kjeldahl ~50 - HpS04

4 B .
L - The method utilized is that of D'Elia, et al. 1977. This method is
‘ a persulfate oxidation technique for nitrogen and phosphorus where,
under alkaline conditions, nitrate is the sole N product and
phosphate is the sole P product.

Manifold Asserbly: Same as nitrate and phosphate.
Damp: Normal

Sampling Rate: 40/hr 9:1 sample/wash ratio

Eilters: 550 nm for nitrate; 880 nm for orthcphosphate

Phototubes: 199-B021-01 for nitrate; 199-R021-04 for orthophosphate
Flowcells: 50 mm

Interferences: Metal ions may.produce a positive nitrate error if
present in sufficient concentrations. The presence
of large concentrations of sulfate will cause a
large loss of sensitivity to the copper-cadmium
column. Silicon at a level of 100 ug at Si/l causes

an interference equivalent to approximately 0.04 ug
al P/1.



Outline

1. Ten mls of filtered water (GF/F, 0.7 um) is placed in a 30
~ ml screw cap test tube and frozen.

w 2. When ready to analyze, thaw samples and bring to room
b temperature. .

»Acd 15.0 ml oxiding reagent (Mg(OH) ). A precipitate will

form with seawater samples. Test tubes are capped fairly
2 tlghtly. :

i 4 Samples are then autoclaved at 100-110.C (between 3-4 psi)

- for 30 minutes and slowly brought back 0tc:s atmospheric
. pressure. . :

-5, Tubes are removed and cooled to room temperature (samples
~ canbe stored at this point).

'9 A!Add 1.5 ml 0.3N HC1 to each °amp1e. -

# Mlx wlth Vortex mixer untll prec1p1tate dissolves.

»' | 8. Add 2.0 ml buffer solutlon to each tube. The pH of the

. sample should be 7-8 after the addition of the buffer
solutlcn. .

9. Analyze for NO2 + m3 and PO4 (see dissolved inorganic
A sectlon). \

1. Buirer solution:

30.9 g H3BO; (Boric Acid) dissolved in approximately 800 ml
deionized water. Add 101 ml of a 1M NaOH solution (40 g
NaOH/1) to the H4BOj solution and bring up to cne liter

with deionized water. The solution is stable for many
weeks. .

2. 0.3N ECI:

2.5 ml concentrated HCl brought up to 100 ml with deionized
water.

3. Oxidizing Reagent:
3.0 g NaOH and 6.7 g of low N ( <0.001%) potassium

persulfate (K,S,0g) are dissolved in one liter of deionized
water just before use.



The use of internal organic standards (glutamic acid and
glycerophosphate) allows to check for percent recovery and
is routinely used at CBL.

The procedure includes an internal dilution factor of
samples and standards due to addition of reagents of 2.85.

. Reagent Blanks: Reagents only are digested in 30 ml test

. 7 tubes, neutrallged and buffered. The analyzed peak heights

. Preparation of Internal Standards:

A,

D.

of NOy and PO, - are normalized to the sample + reagent
volume by multlplymg by 18.5/28.5. The resultant
normalized reagent blank peak height is then subtracted
‘from the sample peak heights before calculating the
concentrations based on the peak heights of the standards.

Stock Glutamic Acid Standard: Dissolve .3705 g glutamic
acid in approximately 400 ml deionized water and then bring
“up to 500 ml with deionized water. 2Add 0.5 ml chlcroform

\ to act as a preservative.

«mmmm 1 ml of A up to 100 mls

with deionized water will yield 50.4 ug at /1 (0.7056 mg
I\z/l).

Stock Glycerophosphete Standard: Dissolve O. 0473 g B-
Glycerophosphoric Acid, Disodium Salt, 5-Hydrate in
approximately 400 ml deionized waterand then bring up to

500 ml with deionized water. Add 0.5 ml chloroform to act
as a preservative.

Horking Glycerophosphate Standard: 1 ml of C up to 100 mls
with deionized water will yield 3.09 ug at P/1 (0.096 mg
P/1).

.mmﬁmmms;mmaz

A.

B.

C.

Stock Nitrate Standard: From nitrate method.

Yorking Nitrate Standards: 0.5, 1.0 and 1.5 ml of Nitrate
Stock Standard A up to 100 ml with deionized water will
yield 25 ug at N/1 (.35 mg N/1), 50 ug at N/1 (.70 mg N/1)
and 75 ug at N/1 (1.05 mg N/1), respectively.

Stock Orthophosphate Standard: From othophosphate method.

Secondary Qrthophosphate s_t@nd,ax;si From othophosphate
method.



E. NWorking Orthophosphate Standards: 0.5, 1.0 and 2.5 mls of
Secondary Orthophosphate Standard D up to 100 ml with
deionized water will yield 0.6 ug at P/1 (.0186 mg P/1),
1.2 ug at P/1 (.0372 mg P/1) and 3.0 ug at P/l (.093 mg
B/ l), respectlvely.
szf.;al Ensphema {Acid Persulfate):

The method used by CBL personnel is that of Menzel, D.W. and N.
Corwin (1965). r
Qutline

g Sy R 1., Prepare 0-5% solutlon of K25208'

‘a. - 25g K S-0q up to 500 ‘mls with delonlzed water.
b. 12.5g ﬁ g208 up tc 250 mls with deionized water.

2. To each 20 ml of sample (in 30 ml screw cap test—tube) add 3.2
ml of the 5% K,S,0g solution and shake.

3. Place tubes in pressure cooker at 3-4 p51 for one hour.

4, 20 mls of standards (3 replicates) are placed in 30 ml test-
tube and treated in exactly the same manner as the samples.

5. Blanks (3 replicates) consist of 20 ml deionized water and
then treated in exactly the same manner as the samples.

6. Aliquot or cooled, shaken sample transferred to AutcAnalyzer
' cup with Pasteur pipette.

7. Phosphate analyzed.

Methodology: Menzel, D.W. and N. Corwin. 1965. The measurement of
total phosphorus in seawater based on the liberation
of organically bound fractions by persulfate

_ oxidation. Limmol. Oceanogr. 10:280-282.

Manifold Assembly: See figure ?

Darp: Normal

. Sampling Rate: 40/hr 9:1 Sample/Wash Ratio
Filter: 880 nm

Prototube: 199-B021-04



Reagents:

whoob el

1. Deiontzed suter pituens:

Add .5 g sodium lauryl sufate (SLS) to 500 ml good quality
\ delomzed water. Mix welll

From orthophosphate method.
3. Ammonium Molybdate:
- From orthophosphate method.
4. Ascorbic Acid:
- From orthophosphate method
- Antimory Potassiun Tartrate:
“-From orthophosphate method.
6. Sodiun Lanryl Sulfate (SLS):
o ) From orthophosphate method.
Siq. Horking Rescenta:
" From orthophosphate method.

- Standards:
A. Stock Standard: KH,PO4; from Orthophosphate method.
B. Secondary Standard: from Orthophosphate method.

C. Working Standards: Take 0.5, 1.0, 2.0, 2.5 ml of
Secondary Standard B and dilute each to 180 ml with
deionized water which will yield 0.6 ug at P/1 (.0186 mg
P/1); 1.2 ug at P/1 (.0372 mg P/1); 2.4 ug at P.1 (.0744 mg
P/1) and 3.0 ug at P/1 (.093 mg P/1).

D. Stock Glycerophosphate Standard: From alkalme persulfate
method.

E. Norking Glycerophosphate Standard: Take 1.0 ml of Stock
Glycerophosphate Standard B and dilute to 100 ml with

deionized water which will yleld 3.09 ug at P/1 (.096 mg
P/1).



Manifold Configuration for Total Phosphorus

To sampler wash receptacle

| 370¢ 5 turns 5 turns 5 turns
f‘a‘l 09000 40990 L0900

(Acid Persulfate)

Heating
Bath

G R T .
% SR pape
e A e i R e

Colorimeter

880 nm filters
50 x 1.5 flow cell
199-B021-04 Phototubes

Sk
3
5
£

. Haste ——no0w

GRN/GRN (water)

BLK/BLK (air)

RED/RED (defonized water)

ORN/ORN (sample }—o

Sampler
40/hr
9:1

ORN/WHT (Reagent A)
ORN/GﬁN (Reagent B)

WHT/WHT (From F/C)




To Sampler Wash Receptacle-—

'37%  “5Tumn 5 Turns

| | 00000 00000

- Heating
‘Bath

© Waste

“  COLORIMETER

880 nm filters

S50 mm F/C x 1.5 mm ID
 199-B021-04 Phototube

FANIFOLD COAFIGURATION FOR PHOSPEATE

GRNW/GRN (Water)
BLK/BIK @ir)

YEL/YEL (Sample)
ORN/WHT (Reagent A)

ORNW/GRN (Reagent B)

WHT/WHT (From F/C)

————e]  S@MPler

40/hr. "
9:1




Kjeldahl Nitrogen:

The sample is heated with a teflon boiling ball in the presence of
sulfuric ac:.d, potassium sulfate and mercuric sulfate for 3.5 hours.
The residue is cooled, diluted to the original volume and is then
analyzed for ammonium. The ammonium determination is based on a
colormetric method in which an emerald-greem 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 an
automated analyzer.

Digestion

Reagents:

| 1. Etmk. Mercuric Sulfate:

= b"i\f“ Mercurlc Ox1de, Red (HgOO = 8g
~ Sulfuric Acid, (HySOy); concentrated 10 ml

~Diluted to 100 ml with amnonia» free deionized water.

2 Dmesnm Solution: . _ .
" Potassium Sulfate (RKoS04) 135 g

Sulfuric Acié (concentrated) 200 ml
Stock Mercuric Sulfate 25 mi
.~ Distilled Water ' gs 1000 m1

Dissolve 135 g of K,S04 in approximately 500 ml deionized
water and slowly adé 280 ml concentrated H,S04. 2Add 25 ml
mercuric sulfate solution, let cool and dilute to 1000 ml
with deionized water.

Digestion Procedure
l. A 25 ml sample is added to each digestion tube.

2. Five (5 ml) of digestion solution and two teflon boiling

balls (Fisher Scientific) are then addded to each tube and
mixed with a vortex mixer.

3. SILICONE AIRTIGHT FLUGS ARE INSERTED IN THE DIGESTION TUBE
WHENEVER THEY ARE NOT BEING HEATED.

4, The dlgestlon tubes are then heated in a block digestion
at 200°C for 1 hour and then at 360°C for 2.5 hours.

5. The tubes are then taken off the digestion and allowed to
cool for 15 minutes. Approximately 15 mls of deionized
water are then added to each tube (to dissolve any
precipitate) and capped. Allow to stand overnight.



6.

- -

The following cday, bring up to 25 ml volume with deionized
water (digestion tubes have been pre-marked) .

Tubes: 25 mls of deionized water are added to each

Cleaning Digestion
‘tube and boiled at 200°C until dry. You may need to rinse the tubes with
20% LaOH followed by numerous deionized water rinses.

 sulfuric 2cid Sampler Wash Solution:

Potassium Sulfate (KZSO4) 3
Sulfuric Acid 5

4g
0 ml
Deionized water up to 1ml

.. To approxmiately 800 ml deionized water add 34 g gso and

- dissolve, Slowly add 50 ml concentr;ated HZSO4 an dilute

& “ to 1 liter with deionized water.

>,

'Sgdmm Chloride Diluent Solution:

Sodium Chloride 10 g

~_ Deionized water gs 1000 ml

C-.,

F.

Es:smzm Hyudroxide Solution:

~ Sodium Hydroxide - 200 g
~ Deionized water gs 1000 ml

 To approximately 600 ml deionized water CAREFULLY and

SIOWLY add 200 g NaOH. Please wear goggles! A great deal
of heat will be liberated. After the solution has cocleq,
dilute to 1 liter with deionized water.

Sodium Salicylate/Sodium Nitroprusside Solution:

Sodium Salicylate 70.0 g

Sodium Nitroprusside 0.3 g

Deionized water gs 1000 ml

BRIJ - 35 1ml
Sodium Hypochloride Solution:

Sodium Hypochlorite (Clorox) 12 ml

Deionized waer gs 200 ml

Stock Buffer. Solution:

Sodium Phosphate, dibasic (Naj HPO4 7H,0) 134 g
Sodium Hydroxide 20 g
Deionized water gs 1000 md



hHeat to dissolve 134.0 g of sodium phosphate, dibasic (Na,
_H POy) in approximately 800 ml deionized water. Add 20.0°g
of sodium hydrox:.oe and dilute to 1 liter.

G.. m&mauﬁfgz

= * Sod.wm Potass:.um Tartrate ‘ 50 g
- Stock Buffer solution . 200 m.l

© '« NaOH solution (203 w/v) : 100 ml
A5 2 BRI | 0-3 ml
~ - Deionized water ‘ gs 1000 ml

* Fifty (50) grams of Sodium Potassium tartrate is added
to approximately 600 ml deionized water. (This is added as
a solid to avoid the rapid formation of mold Guring storage
-of a 20% w/v Sodium Potassium Tartrate Stock Solution.)
S T 200 ml of Stock buffer, 100 ml of sodium hydroxide solution
| are then added. Deionized water is used to dilute to 1
llter .and 0. 3 ml BRIJ is added as the wetting agent.

S "/y«‘/f‘vff”f e

1) Wlth the system pumping and delom.zed water flowing through the
system, add all the reagent lines EXCEPT the Salicylate/
 Nitroprusside Line. After approximately ten minutes, add the
Sallcylate/Nltroprusmde line, If the pH of the flow stream 1s
low, the sodium sahCVIate reagent will precipitate.

2) Prepare standards and blanks in exactly the same manner as
samples — taking them all through the digestion procedure.
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(Ba;igngl.e:

Particulate Analytes

The direct measurement of particulateC, N& P is the preferred
method used in this laboratory. It is felt that the greater wvolume
filtered onto the pad yields a more representative sample. The
alternative, subtraction of the dissolved from the total sample to
- determine the particulate concentration often yields negative values w!
~1is totally unacceptable. Direct mesurement is rapid, more sensitive ar

more precise.

.Surface, bottom, above and below pycnocline water samples are
collected via a submersible pump system. A known volume of the collec!
water is filtered through GF/F filters (nominal pore size 0.7 um), the

+filter folded, placed in aluminum foil and frozen until analysis.

i
S ama
PRI G

} i‘? late Kj T
. — . : .

l. Aknown volume of water is filtered onto a 25 mm precombusted
GF/F (nominal pore size 0.7 um) filter pad.

2. Duplicate samble taken

3. Samples are folded in half, wrapped in aluminium foil,
labelled and frozen for later analysis.

4. Before actual analysis the pads in aluminium foil are Fplaced
in a drying oven overnight at 45°cC.

5. Samples, standards and blanks are then loaded into sample
wheel and analysis begins.

Instrument: Control Equipment Corp. Model 240-XA Elemental Anlyzer

1.

CHN Analysis - Carbon (COy), hydrogen (H,0) and nitrogen

(N5) content in organic and inorganic compounds can be
de%ermined

a. Combustion of the weighed or filtered sample occurs :
pure oxygen under static conditions (see figure ?).

Helium is used to carry the combustion products through i
analytical system to the atmosphere. Helium is also use«
for purging the instrument. It is a chemically inert ga:
relative to tube packing chemicals and has a high
coefficient of thermal conductivity.
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a. Solenoids A-G control the gas flow through the syst
valves B and I - are used for autcmatic leak testin

3. The products of combustion are passed over suitable re:
'in the combustion tube to assure complete cxidation. Ii
reduction tube, oxides of nitrogen are converted to

~ molecular N and residual N, is removed. The CO,, wate:
- vapor and nitrogen are then flushed into a mixing volum:

- where they are thoroughly homogenized at a precise voli-

~ temperature and pressure. This mixture is then release«

- the sample volume into the thermal conductivity detecto

Betvieen the first of three pairs of thermal conductivi!
~cells an absorption trap removes water from the sample
The differential signal read before and after the trap
reflects the amount of water (hydrogen) in the origina:
- sample. A similar measure is made of the signal outpu_
- second pair of thermal conductivity cells between which
. . . - - trap removes CO,. The remaining gas only consists of
Eht i \ - - nitrogen and helium. This gas passes through a therma!
- cecnductvity cell and the output signal is compared to a
- reference cell through which pure helium flows. This «
-the nitrogen concentration.

Standard Pun Cycle:

l. At the start c£f each run, the entire system is flushed

-heliunm at 2 high flow rate while the sample is in the c¢-
s = zone.

2. The injecticn box is automatically purgec¢ using the P
valve.

3. The combusticn train is then filled with oxygen and the
sample is injected.

4. Shortly after sample injection, D valve closes to cseal
the combustion train from the rest of the analytical
system, which is still being flushed with helium.

5. Combustion occcurs under static conditions in an exces
oxygen at about 950°cC.

6. During this time the mixing volume is being purged wit™>
and F valves open.

7. Then F closes to allow the pressure in the mixing volur
reach atmospleric pressure. .

8. Close to the end of the combusticn period, a high
temperature heat coil around the combustion tube vapor
any condensates at the entrance of the combustion tube
which may heve been produced by diffusion of the sample
during initial stagec of combusticn.



9. To assure ccmplete combustion, the ladle is retracted

a small amount of O, is added and the ladle is fully
injected.

10. During high heat, valve E closes, A and D recpen, and t
- combustion products are completely flushed from the
.. combustion train into the mixing volume.

Fk s

‘j&;.3>When a pressure of 1500 mm Hg is reached, valve D clcse
‘trapping the sample gas in the mixing volume.

: 2 The time required to reach this pressure is callec the
o= oo £fill time (usually 60-100 seconds).

:513,; The combustion train remzins under positive pressure un
‘ the end of the complete cycle.

»14. While the sample gases are mixing, pure helium flcws fr

~valve C through the sample volume and through the
;detectors. . . .- T .

The signal from each detector bricdge is read and stored
- memory to provide a baseline reading with no sample gas
the detector.

16. Efter mixing is complete and baseline reading nhas been
~: Fand Gopen which allows the sample gas captured in th
- mixing volume to expand throuch the sample vclure to

- ‘ atomsophere. During this time valve C is closeé and th
- : is low flow through the detector. o

Bow C. H, N is mezsured

17. Wnen sample gases are near atomospheric prescsure, valve
and G close and C opens. The water, carbon dioxide and
nitrogen concentrations of the sample are measured by

displacing the sample gas through the detectors to the
atomosphere. ' '

18. The volume of sample gas in the system is large enouagh
that the helium flow allows measurement of the contents
each detector in sequence, under steady state concitior
for at least 30 seconds.

19. The sample gas passses through the detectors at a const
flow, pressure and temperature. This eliminates any
variation in water vapor pressure or water vapor
concentration due to changes in water adsorption of the
walls of the pneumatic systenm.

20. While the sample gas is displaced throuch the cdetectors
the output signals are recorded.



21. 1Ihe difference in microvelts between each "read" sjgns’
the Zbaseline” level for the sare detector is in direc
broportion to the concentration of the sample gas meas

22, xAt‘the end of a cycle, the exhaust valves are opened t
. allow the sample gases to escape to the atmosphere.

. .23, The HP-159 DATA EANDLER then prints out the calculatec
s . o -results, places the instrument in STANDBY with C valve
S s open, and waits for the next command.

24. With the HA automatic injector the results are printec
after each run, but the run cycle continues until the I
selected number of runs have been completed.

[

& 1 R ORRAPLOV TSI SR B0y SR :
~BLANKS = Blank value = blank read minus blank zero.
et ;‘dgngnAinéicatorwqf the stability of the system.
~ BOAT : ~ Platinum container used to inject sample into combus.
- furnace.
© . CAPSULE - Aluminum, tin, or silver container. Used for sealir

- samples with an accurate weight and maintains integr:
" pricr to combustion.

- COMBUSTION

TIME Time for sample to fully combust in oxygen environme
COMBUSTION
» TUBE Quartz tube used for packing reagents and for sampuie
: combustion.
DETECTOR The heart of the analyzer consisting of three bridg-

Determines the percentages of carbon, hydrogen, and
nitrogen in the sample via thermal conductivity.

DETECTOR OVEN Keeps the temperature of the detector, pressure
transducer, mixing volume, and sample volume constar..

DOUBLE DROP On ERA actoration, two samples are dropped for one rt

used for filter and inorganic applications. Sample
requires a + prefix.

FILL TIME : Time required to build up the pressure in the mixint
volume to 1500 mmHg.

FURNACE Heats the reduction and combustion tubes to operatir
temperature. -

INJECTION Moving the ladle, contezining a boat or capsule with
sample into the combustion furnace.



INJECTION BOX
K-FACTOR

 LADLE

' MIXING VOLUME

- MOTHER BOARD

READ SIGNAL

~ REDUCTION TUBE

SURLIRE S oy E

EAER S

For the EA automation, the box assembly that houses th
sample wheel.

Instrument sensitivity factor in microvolts per

-microgram, calibrated using a chemical standard.

Transports the boat or capsule with the sample into th
combustion furnace. ,

,fSFherical-bottle in which sample gases become homogenc

The main printed circuit becard. All 240-XA power
supplies are located here.

Steady state signal produced by detector when sample
gases are present in stable concentration.

Quartz tube with reduced copper that removes excess o
from the sample gas and reduces oxides of nitrogen to

- free nitrogen.

" RUN

RUN CYCLE

SAMPLE VOLUME

SCRUBBERS
TRAPS

ZERO VALUE

Calibration:

One sample analysis from start to fimish, including
printout. '

Typically a day of operaticn - thie entire @nalytical
cseguence cf runs from the first run to the last run arn
including the transfer of the run cycle data to the 4

Ttbe where sample gas is echausted from the mixing vol
pricr to entering the detector.

Removes water and CO, from the gas supplies.
Used for removing water and CO, from the sample gas.

Bridge signal with only pure helium flowing through t!
detector. ’

The following formula is used to calculate K factors, as well as
and H concentrations in unknown samgles.

$ =1 *1* (R-2-B) * 100

where:

Standard Used:

-t

K

K

'
R
z
B

W

Calibration factor for the instrurent

Sample weight

Peacd signal of sample gas

Zero reacing or instrument baseline

Blank signal (instrument, lacle &nd capsules)

wonouwunn

Acetanilide



Composition: € = 71.09%
6.71%

10.36%

oo}
nouu

i
AN

‘The condltloner ‘coats the walls of the system surfaces

. (especially -the mixing and sample volume) with water

" vapor, carbon dioxide and nltrogen which simulate actual
\¢samp1e runnlng conditions.

choulo be run’ 1mme01ately after a conditicner.

-

w‘Kiféﬁiﬁic' Always run a concditioner before a standard and befcre anc
after a blank.

%

K factors vary greatly from instrument to instrument, but
"shoulc be w1th1n the following microvolt/microgram range:




Particulate Phosphorus (PP):

The method used by C3L personnel is that of Aspila, et al. (1976

OUTLINE

Known volune of water passed through Whatman prcombustec
o nm GF/F fllter (0 7 um pore size).

Nk e 1

Frozen

Dried at 50°C overnight
Muffled at 550°C for 1.5 hours.

Cooled bVernight

 Combusted filter placed in a labelled 50 ml plastic scre
cap centrifuge~tube ancd 10 ml 1N H Cl acded.
7. Capped and shaken several times during a 24 hour pericd.

8. Supernatant extract transferred to AutoAnalyzer cup witl
Pasteur pipette.

e - 9. Phosphate (that was extracteé into the 1N H Cl) analyzec

10. Blank filter pads are carried through the procedure abov

Methodology: Aspila, I., H Agemian, and 2. S. Y. Chau. 1276.
semi-auvtonated method for the determination of
inorganic, organic and total phosphate in sediwent:
Analyst. 101:187-197.

Manifold Assembly: See figure ?.

Damp: DNormal

Sampling Rate: 40/hour 9:1 Sample/Wash ratio
Filter: 880 nm

Phototube: 199-B021-04

Interferences: Silicon at analysis temperature > 40°C andé or <
N H,S04 in the mixed reagent solution causes
interference in the concentration range of >
.05 mg/ml silicon in the extract. These
conditions are avoided by naintdining an acid
concentration of 2.45 N H,SO4 in the reagents an
analysis at 37°c.



Reacents:
1. 1N Hvdrochloric Acid:

Hydrochloric Acié (HC1),
concentrated (sp. gr. 1.19) 86 ml
. Deionized -water (QS to :) 1000 ml

Add 86 ml conc. HC1 to approximately 800 ml good quali
. deionized water while cooling (cold water bath). Afte.
: the soluticn is cooled, dilute to one liter with deicn:
water. -

2. Dejonized Hater Diluent:
Add .5 g sodium lauryl sulfate (SLS) to 500 ml good
quality deionized water. Mix well!

] 5L - .3, sulfuric 2cid (4.9 N ¢
E 4 Lulte 1208 Prom orthophosphate method

- From orthoprosphate method
5. Ascorbic Acid:
“.‘Fgom orthophosphate method
6. &antimony Potzssiuc Tartrate:
From orthophosphate method
7. Sodium Lauryl Sulfate (SLS):
From orthophosphate method
8. Horking Reagents:
From orthophosphate method
Standards
A. Stock Standard: From orthophosphate method i
B. Secondary Standard: Teke 0.1, 0.25, 0.5, 1.0 ml <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>