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Foreword

During 1975-1976, the first priority of this laboratory
has been to examine the applicability of selected micronutri-
ent methods for estuarine waters. Over 11,000 nutrients and
standards have been analyzed to date. The second priority
has been to check the techniques for accuracy and precision
using statistical quality control techniques (Harbor Branch
Consortium, 1976).

The following manual was written as a reference to the
multiple nutrient determination procedures as conducted by
this laboratory. The Technicon AutoAnalyzer II system em-
ployed allows rapid, simultaneous, and accurate determinations
of nutrients in seawater when utilized with the outlined pro-
cedures.

This manual is divided into four main sections: compon-
ents, operation, methods and quality control.

Descriptions of colorimeter, pump, recorder and manifold
assemblies are found in the component section.

The operation section deals with general operating in-
structions, sample, glassware, standards preparation, data
reduction computer input/output format.

The third section, methods, is a step-by-step descrip-
tion of the reagents, manifold assembly and standards for each
determination.

Lastly, quality control of our system is discussed. Val-
idity of method, comparison of slopes, minimum detectable con-

centration and interlaboratory comparisons are dealt with here.



Hopefully, this manual will inform the reader as to the
methods and quality control routinely performed by this lab-
oratory. For a more detailed discussion of the system, the

reader is advised to refer to the Technicon Industrial Systems

Manual.
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Section 1. Components



The AutoAnalyzer II system operates on a continuous flow
basis where samples and reagents are continuously added in a
specific sequence along a path of glass tubing and mixing coils.
Air bubbles are injected at precise intervals to sweep the walls
of the tubing and to help prevent diffusion between successive
samples. The reactions in the AutoAnalyzer do not devélop to
completion as in manual methods, but reach identical stages of
development in each sample since every sample follows the same
path, timing and exposure to specific reagents.

The basic function of each component of the AutoAnalyzer
is briefly discussed in this section. This explanation is sim-

ilar to that of Sanborn and Larrance (1972).

Sampler

A sampler probe alternately draws fluid from a tray of
discrete samples and then from a wash-fluid receptacle. The
probe dips into the sample to be extracted, and at a timed in-
terval, moves to a wash solution while the tray of samples ad-
vances one position. A bubble of air, which acts as a diffusion
barrier, is aspirated into the sample stream between sample and
wash. The ratio of sample to wash time as well as the number
of samples analyzed per hour are controlled by a cam, located
in the top well of the sampler assembly. Cams are easily
changed and are available for a varied range of sampling rates.

The wash solution separates successi?e samples as indica-
ted on the graphical record by alternating minima (wash) and
maxima (sample). The sample probe is connected to a stream

divider which delivers identical samples simultaneously to each



manifold via the pump.

Proportioning Pump

The proportioning pump is a peristaltic type pump which
continuously delivers air, reagents and samples to the mani-
fold. Plastic pump tubes of various diameters are pressed be-
tween a series of moving rollers and a platen. The motion of
the rollers along the tubes delivers a continuous flow. The
delivery rate is determined by the inside diameter of the tube
since the rollers move at a constant rate. These pump tubes
are available in a large assortment of delivery rates. The
pump will hold a maximum of 28 tubes and has an air bar which
mechanically measures and injects identical air bubbles into
the analytical stream. The pump tubes delivering reagents,

air and samples are connected to appropriate manifolds.

Manifold

Each analysis requires a manifold specifically designed
for the chemical method being used. The manifolds are com-
posed of a series of horizontal glass coils, injection fit-
tings and heating baths arranged for the proper sequence of
reactions leading to color development. The sample and the
reagents mix within the glass coils. As two solutions with
different densities travel around each turn of the mixing
coil, the denser solution falls through the less dense one
causing mixing and resulting in a homogenous mixture of the
two solutions. The length of the coil determines the amount
of time allowed for chemical reaction between the addition

of successive reagents. Injection fittings for each of the
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reagents are placed between mixing coils. Thus, a sample en-
ters one end of the manifold, a reagent is added, the solution
is mixed and given time to react, and then another reagent is
added and mixed. After the addition of all reagents, and an

adequate reaction time, the solution flows into a colorimeter.

Colorimeter

The colorimeter measures the absorption of monochromatic
light by the solution in the flow cell. Light from a single
source passes through two separate but identical interference
filters which emit light within a narrow spectral band, then
through the appropriate flow cell, and finally projects onto
a phototube which generates an electrical signal in response
to the intensity of the impinging light. The output from each
phototube is a measure of transmittance and is converted elec-
tronically by the colorimeter to a signal proportional to ab-

sorbance. The relationship between transmittance and absorbance

is given by the equation A =1log 1l
T
where: A = absorbance
T = transmittance

The resulting signal is linear in absorbance and is directly
proportional to concentration. As each sample passes through

the cell, the signals are sent to a recorder.

Recorder
Results of the analyses are continuously recorded by two-
pen strip chart recorders. Each recorder simultaneously mon-

itors two separate analyses. The output of the colorimeter is
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proportional to absorbance and standards of known concentration
must be analyzed to relate absorbance to concentration on the
chart (see Section 2)., The analog signals can be converted
to absorbance values by referring to the Technicon reference
curve and the standard calibration control in Section 2 of

this report.



Section 2. General Operating Instructions



This section is a step-by-step outline of the operation
of our system. It is believed that this type of presentation

will be easier for the reader to follow.

Operating Procedures

1. Colorimeter - Turn power on - allow 10 minutes warm-

up. Check standard calibration setting for desired
determination.

2. Recorder - Model 69CU. Turn power on - allow 10 min-
utes warmup.

3. Recorder - Check paper supply.

4., Water Reservoirs - Check and fill with deionized

water (DHOH).

5. Connect pump tubes. Attach platen to pump.

6. Pump - Start pump with deionized water running through
the system. Check for leaks in tubes at connections
and for a regular bubble pattern.

7. Recorder - Turn recorder on to 'l & 2' (chart paper
should start moving).

8. Colorimeter - Check ZERO and FULL SCALE on the re-

corder.

ZERO - Simulates a zero output so that ZERO adjust-
ment (screwdriver) of the recorder can be made.
FULL SCALE - Simulates a 5.0 volt output signal on
the telemetry connector and a reference level so
that FULL SCALE adjustment (screwdriver) or desired
deflection of the recorder can be made.

9. Establish zero baseline with deionized water being



10.

11.

12.

pumped through the system using the BASELINE CONTROL
adjustment.

Allow reagents to pump through; note rise in baseline
and readjust to zero. Refer to this rise as the
REAGENT BLANK.

The first two samples on the tray should be synfhetic
seawater. Refer to the mean peak height as the
SYNTHETIC SEAWATER BLANK, followed by the standards
and samples to be analyzed.

At the end of the run, disconnect the reagents and
place tubes in DHOH. After 15 minutes, establish
zero baseline with the BASELINE CONTROL setting.

Run approximately 10 seawater samples (mean peak

height is called the TURBIDITY BLANK).

Shutdown Procedure '

1.

With completion of sample turbidity blénks, turn off
recorder (turn the 3-position switch to the middle
position).

Wash system with 1N HC1l for 15 minutes, followed by
15 minute wash with deionized water, by placing pump
tubes in deionized water.

Turn off pump, release proportioning platen, loosen
pump tubes.

Turn off recorder and power supply to colorimeter.
If system is to be used for 2 or more days in a row,

leave colorimeter lamp on.



Sample Preparation

1.

Water samples should be collected in aged polypro-
pylene bottles, prerinsed three times with the sample.
Bottles are aged by repeated freezing, washing with
1IN hydrochloric acid and rinsing with deionized

water.

Mercuric chloride (HgClj) added to sample. Stock
HgCl; - 1.0g HgCl, to 500ml deionized water. 10ml
stock/500ml sample gives a 40mg HgClz/iOOOml solu-
tion.

Chill and keep in the dark.

Upon return to laboratory samples are

a. filtered through 0.4u pore size Nuclepore filters.

b. placed in refrigerator or freezer.

Glassware and Sample Cups

Glassware and sample cups for all determinations are acid

washed with 1IN HCl followed by numerous deionized water

rinses.

Standards

l.

Stock solutions are prepared with deionized water.
Silicates are prepared with cooled, boiled deionized
water. As a general rule, stock solutions should be
prepared every six months.

Secondary standards for all determinations are pre-

pared using synthetic seawater.



add; 62,0g NacCl , L
with enough deionized
20.0g MgSO4-7H20 water to make: 2000ml
0.08g NaHCO;
Secondary standards should be prepared each day.

The standard curve must encompass the range of the samples.

Reading Charts
1. Subtract the synthetic seawater blanks from the stan-
dard peak height.
2. Subtract the turbidity blanks from the sample peak
heights.
3. Be sure to record: REAGENT BASELINE
SYNTHETIC SEAWATER BLANK
TURBIDITY BLANK
STANDARD CALIBRATION - adjusts
the gain, the electrical output, to correspond to the
concentration of a specific reference solution. This
control should be set to include the maximum standard
concentration.
DRIFT - the upward or downward
trend of the baseline after a numbe? of samples have
been run. Fluctuations may be due to chemical or mech-

anical problems.

DATA INPUT
All samples and standards are run in duplicate. The num-
ber of standard sets {(minimum 4 concentrations) varies

with the number of samples. After the peak heights of
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standards and samples have been corrected for synthetic
seawater blanks and turbidity blanks, the results are
recorded on a data input sheet (Table 2-1). This inform-
ation, along with oxygen, salinity, temperature and seston
data, is sent to the computer section where a program is
run to determine concentration of the samples based on

the standard curve (see reduced data and quality control
section). The results (Table 2-3) are placed in our files

and copies are sent to the principal investigators.
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REDUCED DATA

The reduced chemical data returned to us by the computer
section includes a number of statistical tests, the standard
curve values and tabulated physical-chemical results for each
station.

The slope (B) and intercept (a) are calculated for each
standard curve as well as for the combined curve. Sample
concentrations are determined by the linear least squares
methods (Sokal and Rohlf, 1969). Peak height is entered as
the known value (y), the equation y = o + Bx is thus solved
for concentration (x). Standard curves are analyzed for
validity using analysis of variance (Table 2-4) (ANOVA, Sokal
and Rohlf, 1969).

To determine if any significant difference exists (P<0.05)
between the slopes of the standard curves, the test of B,= B,
for all sets, is performed using Analysis of Covariance (Snede-
cor and Cochran, 1967). The F values (mean square between the
two regression coefficients divided by the mean square within
the two lines) for the results of the covariance significance
test are listed under the column headed F and across the row
for cov 1-2 (numbers 1-2,1-3,2-3, indicate which set of curves
are being compared). Calculated values for F are compared
against critical values for F at the appropriate degrees of
freedom (DF). Critical values for F are found in statistical
tables. When the calculated F value is greater than the crit-
ical F, there are significant differences between the curves.

In Table 2-4, the calculated value of F between the 2nd and 3rd



14

standard curves equals 0.99 (DF=1,16), while the critical value
of F at the 95% confidence limit equals 4.49 (DF=1,16). As the
calculated F value is less than the critical F, there is no

signficiant difference between the 2nd and 3rd standard curves.

Table 2-4. Computer printout of standard curve
comparisons for silicate

B o F DF
1st standard set 2.016 -1.546 4814.195 9
2nd standard set 2.016 ~1.546 4814.195 9
3rd standard set 1.977 3.787 1149.952
All std. sets 2.003 0.232 2765.976 29
For cov 2-3 0.99 16
For cov 1-3 0.00 16
For cov 1-2 ‘0.99 16

For each station of' a specific cruise, the mean concen-
tration (Mean), standard deviation (Std. Dev.) and coefficient
of variation (cv) are determined for the number (N) of repli-
cates analyzed (Sokal and Rohlf, 1969). An example of a typ-

ical cruise is shown (Table 2-5).

Table 2-5. Sample printout of statistical
data for one station

Station 1.146

Mean Std. Dev. cv N
SiO3 : 35.32 0.00 0.00 4
PO, 1.48 0.03 0.02 4
NO2 0.57 0.00 0.00 4
NO4 1.17 0.01 0.01 3
NH3 4.45 0.17 0.04 4

The standard deviation is computed to give an estimate

of the deviation of the sample points from the mean. The



coefficient of variation allows comparison of the amount of
variation between replicate sets, which may have different

means, for the same sample.

15



Section 3. Specific Determinations
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ORTHO-PHOSPHATE

Method: Technicon Industrial Method - 155-71W-Modified

Manifold Assembly: See Figure 3-1

Range: 0-4.0ug at/l

Standard Calibration: 8.5

Damp: Normal

Sampling Rate: 30/hr.

2:1 wash-sample ratio
Filter: 880nm
Phototube: 199-B021-04

General Description: The determination of ortho-phosphate in

seawater depends upon the formation of a phosphomolybdenum blue
complex.

A single reagent solution is used consisting of an acidi-
fied solution of ammonium molybdate containing ascorbic acid
and a small amount of antimony.

Although arsenate produces a color similar to phosphate,
seawater rarely contains arsenate in concentrations high enough

to interfere (Technicon, 1973).

Reagents:
1. Sulfuric Acid (4.9N). Slowly add 136ml concentrated

HpSO4 to 800ml deionized water, to prevent overheating.
Cool solution, dilute to 1.0 liter with deionized

water.

2. Ammonium molybdate - (NHyg)g MO~ 034 4H,0 . Dissolve

40.0g ammonium molybdate in 800ml deionized water.

Dilute to 1.0 liter with deionized distilled water.
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3. Ascorbic Acid - Dissolve 18.0g USP quality ascorbic
acid in 800ml deionized water. Dilute to 1.0 liter.
Place 100ml in labelled polypropylene bottles and
freeze. Remove the day before analysis and thaw in
refrigerator.

4. Antimony Potassium Tartrate (KAT) - K(SbO) C4H406'l/2
HyO0. Dissolve 3.0g antimony potassium tartrate in
800ml deionized water. Dilute to 1.0 liter with
deionized water.

5. Combined Working Reagent*

4 .9N HySO4 100ml
Ammonium Molybdate 30ml
Ascorbic Acid 60ml
Antimony Potassium Tartrate 10ml

* IMPORTANT

a. Mix after each addition.

b. With addition of ascorbic acid, a yellow color
should develop.

c. A "cloud" should develop with addition of KAT.

d. The combined working reagent is stable for no
longer than 8 hours.

e. A stable solution can be prepared by not includ-
ing the ascorbic acid in the combined reagent.
If this is done, the mixed reagent (acid, molyb-
date and tartrate) is pumped through the deionized
water line and the ascorbic acid solution (30ml of

18g/1 diluted to 100ml with deionized water)
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through the original mixed reagent line.

f. The addition of Levor as a wetting agent as rec-
commended by Technicon, was found to give high
blank readings and consequently is not being
used.

Standards:
1. Standards must bracket the sample range.

2. Stock Standard - 0.136g anhydrous potassium dihydrogen

phosphate (KH2PO4) to 1000ml with deionized water

(1000ug at P/1l). Add 1.0ml chloroform to act as a

preservative.

a. 4.0ml of stock standard to 100ml with synthetic
seawater (40ug at/l).

b. Working Standards:

ml of "a" final concentration
g at/1

0.5ml 0.2ug at/1

1.0ml 0.4ug at/1
Bring to 100ml

2.0ml with synthetic 0.8ug at/1
seawater

4.0ml l.6ug at/1

8.0ml 3.2ug at/1

RESULTS OF QUALITY CONTROL IN SEPARATE SECTION



20

€0-€L79-LGT :yaed buriesH .6 L€

1:2
ay/0¢
AT
Is1dues

€0TO-0LT :1TOOD uIny §

aqnyg, dund

saaqunu Jaed
TT9oMOTJd OJ

"q'I wmNGeT X umQgg G TT9OMOT
y0-T20d-66T1 :2qn3o30yd
wuQgsg S 3I93TTd

I93BWTIIOTOD

| 93 5eM

D/d woId (09°0) IUM/IUM SFSEM
jusbesay (€z°0) 3IUM/UIO
oTdwes (gp'0) uIo/uio
DoG LE
I93eM pozZTUOTSA (ZE€°0) MTE/dTd R
suing suany L— |
ITY (Z€°0) dMT1E/A1d S S Yjeq butjeay
I93eM poztuoted (00 ¢) UuID/UxD aToe3daoay
‘utTw/Tu ysem oOF

2po) IOTOD

ojeydsoyd-oyzio - ATquasse plojTueW °T-¢ 2anbTta



21

SILICATE

Method: Technicon Industrial Method - 186-72W-Modified

Manifold Assembly: See Figure 3-2

Range: 0-40ug at/l

Standard Calibration: 4.0

Damp: 1
Sampling Rate: 40/hr.

4:1 sample-wash ratio
Filter: 660nm
Phototube: 199-B021-01

General Description: Determination based on reduction of

silicomolybdate in acidic solution to "molybdenum blue" by
ascorbic acid. Oxalic acid is introduced to the sample steam
before the addition of ascorbic acid to eliminate interference

from phosphate.

Reagents :

1. Ammonium Molybdate: (NH4)6 MO 024'H20. Dissolve

7
10.0g ammonium molybdate in a liter of 0.1N sulfuric

acid (2.8ml concentrated HZSO4/1000ml deionized water).
Filter and store in an amber plastic container.

2. Ascorbic Acid: Dissolve 17.6g USP quality ascorbic

acid to 800ml deionized water. Add one dropper
Levor Ié:)per 100ml. Place 100ml in polypropylene
bottles and freeze. Thaw in refrigerator prior to

use.

3. Oxalic Acid: Add 50.0g oxalic acid to 900ml deionized

water and bring up to 1 liter.



Standards:

1. Standards must bracket the sample range.

2. Stock Standard:

up to
water

Store

22

1.88g sodium fluosilicate (Nazsi FG)

1000ml with recently boiled and cooled deionized

(10,000ug at Si/l).

in tightly stoppered plastic bottle.

a. 1lml of stock - up to 10ml with synthetic seawater

(1000ug at/l1).

Working Standards:

b. ml of

RESULTS OF QUALITY CONTROL IN SEPARATE SECTION

llall

0.5ml
1.0ml
2.0ml
3.0ml

4.0ml

Bring to 100ml
with synthetic
seawater

final concentration
ug at/1

5ug
10ug
20ug
30ug

40ug

at/1
at/1
at/1
at/1
at/1l
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NITRITE

Method: Technicon Industrial Method - 161-71W

Manifold Assembly: See Figure 3-3

Range: 0-2.0ug at/l

Standard Calibration: 7.5

Damp: Normal

Sampling Rate: 40/hr.

4:1 sample-wash ratio
Filter: 550nm

Phototube: 199-B021-01

General Description: Under acidic conditions, the nitrite ion

reacts with sulfanilamide to yield a diazo compound which
couples with N-1- naphthylenediamine dihydrochloride to form
a soluble dye which is measured colorimetrically.

Interferences: High alkalinity (600 mg/1) will give low re-

sults due to a shift in pH of the color reaction.

Reagents:

Color Reagent:

a. Sulfanilamide 20.0g
b. Concentrated phosphoric acid 200.0ml
c. N-1- naphthylethylendiamine dihydrochloride 1.0g
d. Deionized water 2000. 0ml
To =2 1500ml deionized water, add 200ml concentrated phos-
phoric acid and 20.0g sulfanilamide. Dissolve completely.
Add 1.0g N-1- naphthylethylendiamine dihydrochloride and dis-

solve. Dilute to 2 liters.



Standards:
1. Standards must bracket the sample range.

2. Stock Standard - 0.345g sodium nitrite (NaNO,) up to

1000ml with dejionized water (5,000ug at N/1). Add

1.0ml chloroform to act as a preservative.

a. 0.4ml stock standard to 100ml with synthetic
seawater (20ug at/1l).

Working Standards:

b. ml of "a" final concentration
ug at/1

0.25ml 0.05ug at/1

0.5ml 0.1lpyg at/1
Bring to 100ml

1.0ml with synthetic 0.2ug at/1
seawater ’

1.5ml 0.3ug at/1

2,.0ml 0.4ug at/1

RESULTS OF QUALITY CONTROL IN SEPARATE SECTION

25
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AMMONIA

Method: Technicon Industrial Method - 154-71W-Modified

Manifold Assembly: See Figure 3-4

Range: 0-12ug at/l

Standard Calibration: 7.5

Damp: 1
Sampling Rate: 30/hr.

2:1 sample-wash ratio
Filter: 630nm
Phototube: 199-B021-04

General Description: The formation of a blue colored compound

believed to be closely related to indophenol, occurs when the
solution of an ammonium salt is added to sodium phenoxide,
followed by the addition of sodium hypochlorite. A solution
of potassium sodium tartrate and sodium citrate is added to
the sample stream to eliminate the precipitation of the hy-

droxide of calcium and magnesium.

Reagents:

1. Complexing Reagent:

a. Potassium Sodium Tartrate 33.0g
b. Sodium Citrate 24.0g
¢. Deionized Water 1000.0ml

Dissolve 33.0g potassium sodium tartrate and 24.0g of

sodium citrate in 950ml deionized water. Adjust the pH

of this solution to 5.0 with concentrated sulfuric acid.

Dilute to 1 liter with distilled water.

Add 1 dropper Brij—3§:>250ml reagent before use.
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2. Alkaline Phenof: Phenol: 23.6ml 88% liquid phenol
NaOH: 45ml (20% w/v)
Deionized Water: Up to 250ml
To approximately 100ml deionized water add 23.6ml 88%
liquid phenol. Add 45ml NaOH (20%) in small increments
while cooling. Bring to 250ml with deionized water;

3. Sodium Hypochlorite: Dilute 50ml Hypochlorite (clorox)

up to 250ml with deionized water.

4. Sodium Nitroferricyanide: Dissolve 0.5g sodium nitro-

ferricyanide (NazFe(CN)S(NO)'ZHzo) in 900ml deionized water
and dilute to 1.0 liter. This acts as a catalyst.
*Note: It has been found liquid phenol give better results
than the crystalline form.

Standards:

1. Standards must bracket the sample range

2. Stock Standard: 0.4716 ammonium sulfate (NH4)2804

bring to 1000ml with deionized water (7142ug at N/1).

Add 1.0ml chloroform to act as a preservative.

a. 2.0ml of stock standard up to 100ml with synthetic
seawater (1l43ug at N/1).

Working Standards:

b. ml of "a" final concentration
ug at/1

0.5ml 0.73ug at/1

1.0ml 1.45ug at/1
Bring to 100ml

2.0ml1 with synthetic ~2.9ug at/1
seawater

4.0ml 5.8ug at/1

8.0ml 11.6ug at/1
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NITRATE + NITRITE

Method: Technicon Industrial Method - 158-71W-Preliminary

Manifold Assembly: See Figure 3-5

Range: 0-5.0ug at/1

Standard Calibration: 8.5

Damp: 1
Sampling Rate: 40/hr.

4:1 sample-wash ratio
Filter: 550nm
Phototube: 199-B021-01

General Description: This method utilizes the procedure which

reduces nitrate to nitrite by a copper-cadmium reductor column.
The nitrite ion then reacts with sulfamilamide under acidic
conditions to form a diazo compound. This compound then couples
with N-1 naphthyethylenediamine dihydrochloride, forming a

reddish-purple azo dye.

Reagents :

1. Ammonium Chloride: Dissolve 10.0g of ammonium chloride

in alkaline water and dilute to 1.0 liter. Brij—3§3
(1 dropper) is added immediately before use. Alkaline
water is prepared by adding just enough ammonium hy-
droxide to deionized water to attain a pH of 8.5.

2. Color Reagent:

a. Sulfanilamide 20.0g
b. Concentrated phosphoric acid 200ml
c. N-1- Naphthylethylenediamine Dihydrochloride 1l.0g

d. Deionized water 2000ml
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To approximately 1500ml of deionized water, add 200ml
concentrated phosphoric acid and 20g of sulfanilamide.
Dissolve completely (heat if necessary). Add 1.0g NOl-
Naphthylethylenediamine dihydrochloride and dissolve.
Dilute to 2 liters with deionized water. Refrigerate.
Add 1 dropper Brij—3§:)before analysis. Stability: one

month.

Preparation of Cadmium Column

Preweighed cadmium powder may be purchased from Technicon
(T11-5063). Rinse the power twice with 1N HCl1l to remove dirt.
Rinse several times with distilled water. Allow metal to air
dry and store in stoppered bottle. The reductor column tube
is a 35cm length of 0.081 ID standard Tygon tubing.

Wash 10g of previously cleaned cadmium with 50ml of 2% w/v
copper sulfate until no blue color remains in solution and semi-
colloidal copper particles begin to enter the supernatant liquid.

It is extremely important that the cadmium not come into contact

with air any time after having been treated with the copper-
sulfate solution (Wood, 1967). Wash thoroughly with deionized
water to remove colloidal copper. A minimum of 10 washings is
usually required. Fill the reductor column tube with deionized
water to prevent the entrapment of air bubbles during filling
operation. Place glass wool plug at one end of the column.
Transfer the prepared cadmium granules to the column avoiding
contact with air (Figure 3-5). The use of a vibration source
(Dremel Electric Engraver) along the outside walls of the column,

helps pack the granules evenly. Approximately 8g is required to
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pack the column but varies with particle size. Insert glass

wool and connectors (G116-0010-01 N9).

el"""\ / ___Water level _____ Connector

——— Glass wool

—— 0.081" ID Tubing

—)

Figure 3-5. Filling the copper-cadmium column

When the pump tubes are filled with reagents and all air
is removed from transmission lines, attached one side of the
cadmium column to the resample line and the other end of the
debubbler line. For initial activation, a midscale (3.0ug at
N/1) standard should be pumped through the system for 1 hour.

When detaching column, reverse the procedure; store column
by filling with 1% ammonium chloride.

To reactivate cadmium, remove cadmium, wash with 1N HC1,
rinse thoroughly with deionized water, re-treat with copper

sulfate and repack.

Standards

1. Standards must bracket the sample range.

2. Stock Standard: 0.10l1g potassium nitrate (KNO3) bring

to 1000ml with deionized water (1000ug at N/1). Add



1.0ml chloroform to act as a preservative,

a dark bottle.

a.

Store in

5ml of stock standard up to 100ml with synthetic

seawater (50ug at N/1).
Working Standards:

ml of "a"

0.5ml

1.0ml
Bring to 100ml
2.0ml with synthetic
seawater
4.0ml

6.0ml

final concentration
at/1

Hg

0.25ug
0.50ug
1.00ug
2.00ug

3.00ug

at

at

at

at

at

N/1
N/1
N/1
N/1
N/1
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Section 4. Quality Control
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The responsibilities of any analytical laboratory in-
clude insuring the validity of the methods and determining
the quality of the obtained results. Thus, the two primary
functions of the analytical chemist are monitoring the re-
liability of the reported results and controlling their
quality in order to meet the program requirements for reli-
ability (EPA, 1972). The following section discusses how

this laboratory has developed its quality control program.

Validity of Method

As described in the previous section, all nutrient
determination procedures are those of Technicon Industrial
Systems with minor modifications (Technicon, 1973). These
methods list the sensitivities in units of absorbance-
concentration (ug at/%).

A calibration curve has been devised (Technicon, 1973)
plotting standard calibration control settings versus ab-

sorbance units (Figure 4-1).
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All Technicon determinations list the absorbance
per unit concentration (sensitivity) at a given concentra-
tion and what absorbance unit it should give (standard
calibration setting). Table 4-1 is a comparison of our
absorbance units compared to Technicon's.

Table 4-1. Comparison of absorbances

Harbor Branch (HBF) vs. Technicon
(Tech)

PO NO NO,+ NO, si NH,

HBF | Tech. HBF |Tech. HBF | Tech, | HBF | Tech. | HBF Tech.

Absorbance 0.18 {0.15 |0.20 (0.18 {0.14 | 0.17 |0.38 | 0.38 |0.20| 0.15

g at/1 3.2 | 4.0 1.6 2.0 4.0 5.0 40 50 [11.6 10

Peak height 60 |100 80 100 80 100 80 100 70 100

Sensitivity(y)|0.06 [0.04 {0.12 {0.09 |0.04 | 0.03 |0.01 0.01 | 0.02 | 0.02

Y x Peak Hgt. |3.36 [3.70 |10.0 |9.0 2.80 | 3.00 (0.73 | 0.71 |1.26 | 1.50

10

TECHNICON® CALIBRATION CHART
Al SINGLE CHANNEL COLORIMETER

STANDARD CALIBRATION CONTROL
SETTING VS. ABSORBANCE UNITS

=t GHED 2

<
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o
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<
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= 6

g
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Z ¢ :
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ABSORBANCE UNITS

Figure 4-1. Standard calibration control setting
versus absorbance units (Technicon
Corporation, Tarrytown, New York)
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All Technicon determinations list the absorbance

tion and what absorbance unit it should give (standard

calibration setting). Table 4-1 is a comparison of our

absorbance units compared to Technicon's.

Table 4-1. Comparison of absorbances

Harbor Branch (HBF) vs. Technicon
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(sensitivity) at a given concentra-

(Tech)
PO, NO, NO,+ NO, Si NH,
HRF | Tech. | HBF |{Tech. | HBF | Tech, | HBF | Tech. | HBF Tech.
Absorbance 0.18 |0.15 |0.20 |0.18 |0.14 | 0.17 |0.38 | 0.38 | 0.20| 0.15
ug at/1 3.2 |4.0 1.6 |2.0 4.0 5.0 40 50 [11.6 10
Peak height 60 |100 80 100 80 100 80 100 70 100
Sensitivity(y)|0.06 [0.04 |0.12 {0.09 [0.04 | 0.03 |0.01 | 0.01 0.02| 0.02
Y x Peak Hgt. |3.36 |[3.70 |10.0 |9.0 2.80 | 3.00 l0.73 | 0.71 |1.26 | 1.50
10
J — 4—v
g TECHNICON® CALIBRATION CHART
; 5 A Hity SINGLE CHANNEL COLORIMETER
(o] B STANDARD CALIBRATION CONTROL
: ! SETTING VS. ABSORBANCE UNITS
o
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|
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z 44 L 1 t
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ABSORBANCE UNITS
Figure 4-1. Standard calibration control setting

versus absorbance units (Technicon
Corporation, Tarrytown, New York)
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As can be seen from Table 4-1, this laboratory's results

are very close to the sensitivities determined by Technicon.

Comparison of Standard Curves

Once the validity and accuracy of the method has been as-
sured, a program is then needed to monitor the slopes of the
standard curves for each run.

These quality control charts allow us to determined if the
system is operating within stated upper and lower limits (EPA,
1972).

A linear regression equation of the form Y = a + BX is

utilized in this procedure, where:

o = intercept
B = slope
X = concentration of the sample in ug at/1l

A mean cumulative slope for each nutrient standard curve
determination has been established. What we are monitoring is

the change in this slope. Thus, AB = ET"BN where:

AB = Relative change in the mean cumulative slope of the

nutrient standard curve by cruise.
N
= Mean cumulative slope of the standard curve (1 I B)
N i=1

ol

T
where N is the number of slopes and B is the slope of the curve.
BN = Mean slope of a cruise where subscript N is the

cruise number.

Charts have been constructed to monitor the changes over
time of the slopes for each determination (Figs. 4-2 to 4-6).
This is accomplished by setting ET equal to zero and plotting

AB by cruise. This graph should vary with a statistically normal
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distribution around ET' Trends toward one side or the other of
zero are indicative of problems in the method, reagents, or
sampling procedure. These upper and lower limits act only as

a guide to the analyst.

As can be seen in Figures 4-3, 4-4, and 4-5 the relative
change in slope is random with the majority of the points}fal—
ling within the stated limits.

Nitrate (Fig. 4-6) indicates a random trend but the major-
ity of points do not fall within the upper and lower control
limits. This may be due to fluctuations in the efficiency of
the copper-cadmium column. However, the narrow upper and lower
limits (41) indicate that the problem does not stem from vari-
ability in slopes within standard sets from one cruise, but rather
wide slope variation between cruises. An alternative quality
control method, cumulative sum with "V" mask (Montgomery, 1976),
is currently under consideration. This method controls both types
of statistical error, is easily computed and allows the operator
to quickly detect significant changes in sensitivity of the
method.

Figure 4-2 indicates a problem with the ortho-phosphate
determination. After three successive dates with the AB much
greater than normal, the colorimeter's optics were realigned.

The next slope fell within the stated limits.
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Minimum Detectable Concentration

To determine the minimum detectable concentration, the
sensitivity of the system must first be ascertained. Analytical-
ly, sensitivity should be described as the measure of the ability
to determine a small change in concentration of analyte at any
concentration level (Skogerboe and Grant, 1970). The factors
which limit this ability are the slope of the analytical curve
and the reproducibility (precision) with which the analytical
signal can be measured (Skogerboe and Grant, 1970).

If two methods are equivalent in measurement precision, the
one producing the curve with the greatest slope is most sensitive
(Skogerboe and Grant, 1970).

Thus, to detect the minimum detectable concentration, the

following formula is used: MDC = S.D. [t(l-a) (N-1)] where:

m
MDC = minimum detectable concentration.
SD = standard deviation of measurements. The mean

square within groups from the ANOVA table was used (analysis of
variance for the linear regression (Sokal and Rohlf, 1969)) or
standard error (Syx).

t(l-a) (N-1) = students tlvalue (with o = 0.05, then
t_ g5 (N-1) gives the 95% confidence value) with N-1 degrees of
freedom where N is the number of data points.

m = slope (regression coefficient) of the standard
curve.

Table 4-2 indicates the minimum detectable concentrations

for the nutrients this laboratory routinely analyzes, compared

to Technicon's. These values are routinely re-evaluated.
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Table 4-2. Comparison of minimum detectable
concentration (in ug at/1)

Determ. Harbor Branch Technicon
NH4 0.6 * 0.03 0.2
OPO, 0.1 .01 0.1
NO, 0.04 + 0.002 0.04

NO, + NO, 0.2 + 0.01 0.1
Si 1.4 + 0.1 1.0

Interlaboratory Comparison

Interlaboratory comparisons have been conducted between
this laboratory and the Quality Assurance Branch of the Environ-
mental Protection Agency. Sealed ampoules of unknown concentra-
tions of ammonia, nitrate, and ortho-phosphate are provided by
the EPA. Answers are provided in a sealed envelope sent with
the ampoules. Table 4-3 indicates the results of an initial set

of unknown standards and the percent recoveries.

Table 4-3. Interlaboratory comparison of nutrients
EPA vs. HBF in ug at/l, Test 1.

HBF EPA % Recovery
POy 1.5 1.9 80
NO, 16.2 14.3 113
NH, 25.4 31.4 81

These differences may be due to a dilution error of the
samples or the fact that our standard curves were prepared in
artificial seawater then they should have been prepared in dis-

tilled water.
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A second set of EPA samples were analyzed exactly accord-

ing to their enclosed instructions.

are given in Table 4-4.

Results of these analyses

The percent recovery 1is vefy good for

ammonia and nitrate and average greater than 90% for ortho-

phosphate.

these EPA standards

We will

on a routine basis.

continue our quality control program using

Table 4-4. Interlaboratory comparison of nutrients
HBF vs. EPA in ug at/1l, Test 2.
EPA HBF Mean percent recovery
Standards (N = 5) (with 95% confidence
X S.D. level)

NH4 16.4 16.6+£0.0 101.2+ 0.0

NO3 7.8 8.0+0.0 102.6+ 0.0

PO, 1.7 1.6+£0.0 95.2+ 0.0

NH3 113.6 115.4+1.7 101.5% 2.1

NO, 27.1 28.8%0.0 106.2+ 0.0

PO4 6.1 5.4 0.1 88.5+ 0.2
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