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I. INTRODUCTION

Acid digestion is an important sample preparation tech-
nique used for Total Kjeldahl Nitrogen and elemental
analysis. Digestion may be defined as the process in
which a complex substance is decomposed into volatile
gases and simple salts which are soluble in dilute acid
solution. This is accomplished by exposing the sample
material to a combination of mineral acids or acid and
hydrogen peroxide at an elevated temperature. Once the
substance under analysis has been dissolved, chemical
methods can be applied to measure the concentration
of .each element.

Research chemists at Hach Company have been study-
ing the chemistry and mechanics of digestion for 14
years. Most of this work has focused on digestion us-
ing sulfuric acid and hydrogen peroxide, a maodification
of the Kjeldahl Method, which is suitable for determin-
ing a range of metals and nonmetals including nitrogen.,
Digestion was integrated into a total analytical system
based on spectrophotometric analysis. Analytes deter-
mined include: Ag, Al, Ca, Cd, Co, Cr, Cu, Fe, K,
Mg, Mn, N, Ni, Pb, P, §, and Zn.

An early objective was to achieve quantitative recovery
of Kjeldahl nitrogen in the digestion. It was discovered
that standard natural samples and even certified reference
materials could not be used as reliable means of assess-
ing accuracy of the analysis. This stemmed from the fact
that the accuracy of assay values are only as good as
the laboratory method and technique used to generate
the results. Also, there is a certain degree of uncertain-
ty in composition of a heterogeneous natural substance.
Analyses may determine the precision of sampling but
not necessarily the precision of the analytical procedure.

Researchers were not aware of any formal standard
system based on synthetic compounds. Kjeldahl
Jaboratory standardization is frequently based on an am-
monium salt, but this only assures the analyst the am-
monia can be retained throughout the procedure. It does
not prove the digestion is actually effective in conver-
ting organic nitrogen into ammonia. Consider the reac-
tion complexity in the Kjeldahl digestion, where nitrogen
in various structures and oxidation states must be fully
reduced to (~3) while carbon is oxidized to carbon diox-
ide. There was clearly a need to establish a means of
verification that the digestion was consistently recovering
the nitrogen in the sample.

Il. EXPERIMENTAL
DEVELOPMENTS
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FIGURE 1. Digesdahl Digestion Apparatus

Digestion Flask

Initially, a 100-mL standard volumetric flask was used
as the digestion flask. Later, a special flask with more
consistent dimensions and a controlled flat bottom of
uniform thickness was designed. This new design is im-
portant for consistent heat transfer so the temperature
of the digestion mixture can be better regulated. A
weight ring applied to the flask while on the heater pro-
vides stability.

CAPILLARY FUNNEL ADAPTER



Fractionating Column

The column or head serves two main functions. First,
it provides a manifold for attachment of the fume evacua-
tion hose and for support of the capillary funnel. Se-
cond, it acts as a fractional reflux condenser. Optimumn
reaction conditions require water to be rapidly boiled
off while hydrogen peroxide (H,0.) and sulfuric acid
(H,S0,) are retained. With proper condenser design,
most of the H,0,, at a boiling point of 150 °C, is con-
densed and returned to the flask while steam 1s swept
out the vent. The fractionating column of about 20-cm
length has three rows of dimples, and is equipped with
a baffle and a fume trap. The fractionating column is
used for reagent addition and fume evacuation. A
capillary funnel, inserted into the column, controls the
rate of hydrogen peroxide addition during digestion. (See
Figure 2.)
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FIGURE 2. Vigreux Fractionating Column with
Capillary Funnel

Capillary Funnel

At constant head pressure and temperature, a given li-
quid flows through a capillary column at a constant flow
rate. This principle is applied to delivery of H,0;
through the capillary funnel. Although the liquid head
changes somewhat, the flow rate averages 3 mL./minute.

Heater Assembly

The Digesdahl’s heating apparatus is built around a
250-watt ceramic disc element. Initially, the controller
was a proportional time on/off device. Recently, a ther-
mostat was installed which uses a thermocouple to sense
the temperature of the metal shell surrounding the

ceramic element. The metal-clad element was found to
provide better heat transfer to the flask than to the
ceramic surface. The heating element and digestion flask
are enclosed by a glass heat shield to aid in heat transfer
to the sample.

Fume Evacuation

A water aspirator produces the ventilation air stream,
and dissolves the exhaust gases from the digestion. Alter-
natively, a fan-driven fume scrubber has been con-
structed. It recirculates air back into the room after
removing condensable gases in a stainless-steel con-
denser and absorbing the remaining components in a
limestone-activated charcoal unit. (See Figure 3.) Use
of a fume hood or safety shield is recommended.
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FIGURE 3. Fume Scrubber Apparatus

Reagents

Sulfuric acid (H,S0,) ACS, 95-98%
50% Hydrogen peroxide (H;0,), 50%
30% Hydrogen peroxide (H,0,) ACS, 29-32%

Being less concentrated, 30% H,0; has less oxidizing
strength than 50% H,0,, and is consequently a less ef-
fective reagent for this purpose. When using the 30%
reagent, approximately 1/3 more volume is required to
get the same results. Most research was done using the
50% reagent, and all the digestion times and volumes




reflect its use. When using 30% peroxide always run
a digestion standard, either glycine p-toluenesulfonate
or nicotinic acid p-toluenesulfonate, to check comple-
tion of the digestion. All recommended safety precau-
tions apply to both strengths of the H,O,.

Procedure

Various procedure modifications were examined in the
digestion with H,SO, and H,0,. The following is an
abbreviated procedure outline for the General Diges-
tion Procedure and is not intended as stand-alone in-
structions. Refer to Hach's Water Analysis Handbook
(literature code 8353) or the revised third edition of the
Digesdahl Digestion Apparatus Instruction Manual
(12-30-89-3ED, catalog number 23130-89) for the com-
plete general digestion procedure. For a list of specific
application procedure manuals, see section VL
References at the end of this booklet.

1. Measure or weigh the appropriate size of sample as
specified in individual procedures. Transfer the
measured sample to a digestion flask.

Note: Never exceed 0.5 g of sample (dry weight).
The maximum volume of a liquid sample is 40 mL.

2. Add concentrated sulfuric acid (specific gravity 1.84)
and two or more silicon carbide boiling chips to the
digestion flask. Note: Refer to specific procedures
for recommended sulfuric acid volume. Never use
less than 3 mL of concentrated sulfuric acid. Note:
Always perform digestion behind a safety shield or
in a closed fume hood. Safety glasses are mandatory.

3. Place the flask weight followed by the fractionating
column with funnel on the flask. Place the flask on
the Digesdahl and assemble the heat shield. Turn on
the aspirator (mechanical or water). Note: Make sure
there is suction to the fractionating column.

4, Heat for 3-5 minutes. Note: Do not boil sample to
near or complete dryness.

5. Add 10 mL of 50% hydrogen peroxide to the funnel
with a pour-out dispenser, pipet, graduated cylinder
or Hach Hydrogen Peroxide Pump. Note: Visually
confirm the presence of sulfuric acid in the flask
before adding hydrogen peroxide. Note: If the digest
does not turn colorless, add 5-mL increments of
hydrogen peroxide until digest becomes clear.

6. Heat the sample for one minute after all hydrogen
peroxide has entered the digestion flask. Note: Do
not heat to dryness.

7. Take the flask off the heater and allow the flask to
cool on the cooling pad. Remove the fractionating
column from the digestion flask after the flask has
cooled.

8. Dilute the digest to the 100-mL mark with
demineralized water; mix. Complete the analysis by
the appropriate analytical method.

Hi. RESULTS AND DISCUSSION

Conditions for Complete Kjeldahl
Digestion Using Peroxide

Appropriate Sample Size

The scale of apparatus used dictates the maximum sam-
ple size. In the 100-mL digestion flask, <0.5 g of
anhydrous material can usually be digested effectively.
(As a routine practice 0.25 g of sample were used.)
Samples that contain water may be scaled up by a pro-
portional amount. Never exceed 0.5 g of sample (dry
weight) or 40 mL of liquid sample.

More than 0.5 g (anhydrous) overloads the capacity of
the flask, and is difficult to contain. Larger samples tend
to form a charred mass which is hard to oxidize and
requires an excessive volume of H;0,. There is no
restriction on minimum quantity.

Sufficient Sulfuric Acid

The amount of concentrated sulfuric acid (specific
gravity 1.84) must be sufficient to prevent the diges-
tion from going to dryness. Too little acid may cause
the sample to overheat, which may result in the loss of
the analytes due to decomposition. Any part of the flask
bottom that becomes dry will overheat and may cause
the flask to burst. Use an amount that will leave about
2 mL of residual acid covering the bottom of the flask
when the digestion is complete.

Sulfuric acid consumption depends on the anhydrous
mass of material and the chemical composition of the
substance. Use of 4 mL H,80; is suitable for many
materials, but not all. The analyst must pay close at-
tention to the amount of residual H,SO, for the type of
sample digested and adjust the amount of acid or sam-
ple accordingly. Never use less than 3 ml. of concen-
trated sulfuric acid. Larger volumes of sulfuric acid may
be used, but a large excess should be avoided because
sample pH adjustment is required in most subsequent
determinations.

Proper Digestion Solution Temperature

The technical literature contains several examples of in-
effective use of H,0, due to a combination of timing
of the H,0, addition and temperature. If the H,0, is
added to a cold digestion mixture followed by heating,
the H,0, decomposes before the digest reaches the
proper temperature. Addition of H,0, to a digest that
is too hot volatilizes most of the H,0, with little
benefit. Furthermore, excessive temperature contributes
to spray loss of sample as a fine mist.

The proper temperature on the metal-clad heating ele-
ment as measured by the internal thermocouple is
440-480 °C. At this setting, the H,S0, reaches 320 °C
during preheat carbonization. During H,0, addition,
the solution temperature is maintained above 280 °C.



TABLE 1. Sulfuric Acid Residuals for a Variety of Sampie Types*

Sample
iCyanoethyEceEIulose
Linseed oil fatty acid
}‘:Paraffin
M

Polyethylene

"\Sewage (25 mbL)

Structure

carbohydrate

hydrocarbon

hydrocarbon

H,S0, Residual, mL

3.44

*Experimental Conditions: 0.25 g sample, 4.00 mL H,S0,, four-minute preheat, 20 mL H,0, at 3 mL/minute, two-minute postheat

Carbonization Period

A carbonization period prior to the addition of H,O,
provides a reducing environment which helps convert
organic nitrogen to ammonia. In the presence of ox-
idizable carbon compounds, sulfuric acid reacts to pro-
duce sulfur dioxide, which is the active reducing agent.
The reaction is:

HzSO4 — Hgo + 802 + 12 02

In nitroaniline, the nitro-N is fully recovered in as lit-
tle as two minutes carbonization. Dinitrobenzene yielded
about 85% recovery with the 4-minute preheat period.
However, when 0.25 g of salicylic acid was added and
carbonization was extended to 15 minutes, the recovery
was about 98% . Inorganic nitrate was fully recovered
using salicylic acid pretreatment in concentrated sulfuric
acid according to the reactions:

2MNO; + H,80, — M,S0, + 2HNO,

NO;

oH on oH
SONC
2 C( +ZHOND, i + /Ej: + 2HO

COOH CO0H OGN cooH

It was interesting to find the amino-N in glycine was
fully recovered regardless of whether there was a car-
bonization period or not. A preheat period of 2 to 5
minutes is recommended for routine digestions.

Adequate Peroxide Concentration for
Sufficient Time

Researchers believe that H,O, immediately reacts with
H,S0, at digestion temperature to give H,SOs (peroxy-
monosutfuric acid) by the reaction:

H2804 + HQOQ I H2805 + Hgo
This is an extremely powerful oxidizing agent toward

carbonaceous material. The objective is to maintain an
adequate concentration of H,SOs in the hot digestion

mixture for a long enough time to complete oxidation
of the carbonaceous material. Use the capillary funnel
to meter the H,0, into the flask at 3 mL/min.

The amount of peroxide that must be added for com-
plete digestion can be determined by digesting a sam-
ple multiple times with incremental increases in the
amount of peroxide added (i.e., 5 mL, 10 mL, 15 mL,
20 mL). Results of the analysis for the parameter of in-
terest may then be graphed to determine the minimum
amount of peroxide needed for optimum sample
digestion.

The preferred and recommended peroxide reagent is
50% hydrogen peroxide. Research studies have shown
that the best recovery and reproducibility are achieved
using the 50% peroxide reagent. The 50% hydrogen
peroxide reagent produces dependable results in research
and actual applications. The optimal rate of peroxide
addition has been determined as 3 mL/minute using the
50% reagent. This may not hold true if other strengths
of hydrogen peroxide are used.

If 50% hydrogen peroxide is not available, 30% perox-
ide may be used as a last resort with caution. Because
of the lesser strength, at least 1.67 times more volume
must be used (i.e., 16,7 mL of 30% vs. 10 mL of 50%
peroxide). Always run a digestion standard, either
glycine p-toluenesulfonate or nicotinic acid p-
toluenesulfonate, when using 30% peroxide to check
completion of the digestion. All recommended safety
precautions apply to both strengths of the hydrogen
peroxide.

Containment of Sample

Loss of sample from the digestion flask can occur in
two ways: 1) foaming or boiling over, and 2) mist or
spray in the ventilation air stream. Foaming is a serious
problem with certain samples types, so special techni-
ques were developed. Some liquid samples, especially
those containing sugars, cannot be digested by the stan-
dard procedure, which consists of placing a given




volume in the flask, adding H,SO,, and heating.
Under those conditions, foaming cannot be controlled.
Instead, the H,SO, is heated in the flask and the liquid
sample is added through the capillary funnel. Carboniza-
tion proceeds in a controlled manner. When all the sam-
ple has been added, the peroxide treatment begins and
the digestion continues normally. Other ways to con-
trol foaming include early addition of H,0, and reduc-
ing the temperature during carbonization.

Sample loss as spray or mist occurs when small droplets
of liquid are swept out of the flask along with gases,
and escape in the ventilation air stream. This loss was
measured by passing the vent air stream through a glass,
water-cooled condenser. The condensate was collected
and analyzed. It was discovered that proper fractionating
column design reduced spray loss to an insignificant
level. Data is presented in Table 2.

Safety Considerations

Please read the entire Digesdahl Digestion Apparatus
Manual, including the safety information, before us-
ing this apparatus. Read the Material Safety Data Sheet
(MSDS) for all reagents.

Digestion

Procedures for the Digesdahl System vary slightly with
sample type. The systemn uses a two-phase digestion pro-
cess involving concentrated sulfuric acid and 50%
hydrogen peroxide. The sulfuric acid dehydrates and
chars the sample. The hydrogen peroxide is added via
the capillary flow funnel to complete sample decom-
position. The capillary funnel feeds hydrogen perox-
ide into the digestion flask at a rate of 3 mL per minute.
This allows the analyst to control the amount of time
the sample is exposed to the hydrogen peroxide by vary-
ing the volume of hydrogen peroxide used.

WARNING

Waear protective glasses and clothing. A strong acid
(concentrated sulfuric acid) and a strong oxidant
(50% hydrogen peroxide)} are used in the digestion
reaction. These chemicals can cause skin burns if
splashed on the skin or permanent eye damage if they
come in contact with the eyes. If the chemicals are
hot, effects are considerably more severe. Im-
mediately rinse any affected area with water and con-
tact a physician.

TABLE 2. Effect of Fractionating Column Design
on the Protein Loss Resulting from Mist Carryover in the Exhaust Stream

Column Design

Vigreux with baffle

Protein Loss, %"

0.05 A1

Relative Loss, %t

*Digestion of 0.250 g of Ammonium-PTSA (Primary Standard, 46.26% crude protein) using 18 mb of 50% hydrogen peroxide

1 % Protein Loss x 100
46,26%

Use the Digesdahl Apparatus only behind a
laboratory safety shield or in a closed fume hood.
Use a water aspirator or Hach Fume Scrubber to
remove fumes during digestion.

Some samples are more difficult to digest than others.
In many cases, complete recovery of the analyte is
achieved immediately upon clearing of the digestate
{when the digest becomes colorless). However, resis-
tant materials require several minutes of continued
peroxide digestion after clearing to obtain 100%
recovery. To ensure complete digestion, consider the
variables described in the following paragraphs.

Sample Size

For solid or organic liquid samples, less than 0.5 grams
of dry material can usually be digested. Routinely, use
only 0.25 grams. Samples containing water can be in-
creased by a proportional amount. The maximum sam-

ple volume for aqueous solutions or suspensions 1s 40
mL; there is no minimum sample size. When the per-
cent solids exceeds 1% of the sample volume, reduce
the maximum sample volume by this formula:

40
% solids.

Samples containing suspensions or a high percent of
solids are very difficult to reproducibly sample. Mix
or homogenize these samples thoroughly before
sampling.

mL sample =

Chemicals

Concentrated sulfuric acid and hydrogen peroxide
used in the digestion process should be handled cor-
rectly and with caution. Sulfuric acid is a strong acid
and can cause burns if splashed on the skin and perma-
nent damage if eye contact occurs. Hydrogen perox-



ide (30% or 50%) is a powerful oxidant and should
never be stored near flammable materials. Like sulfuric
acid, it can cause burns and eye damage. In case of eye
or skin contact with either chemical, flush eyes and/or
skin with water for 15 minutes. Remove contaminated
clothing. Call a physician.

Both sulfuric acid and hydrogen peroxide are highly
corrosive and should be cleaned up with water if spill-
ed on instruments or a counter top. Read and observe
all warnings on the reagent labels and MSDS.

Proper handling and storage procedures involving
hydrogen peroxide should always address two major
characteristics of the product: first, it is a strong ox-
idizing agent {corrosive), and second, it can decom-
pose, releasing heat and oxygen. The chemical nature
of hydrogen peroxide makes it an irritant to the skin,
to mucus membranes and particularly to the eyes. It
will cause chemical burns at industrial concentrations
and may cause spontaneous combustion upon immediate
or prolonged contact with combustibles.

Hydrogen peroxide decomposes to form water and
oxygen. The natural decomposition rate of the normal
industrial grade product is very low, but it will ac-
celerate when contaminated by materials such as dust,
metallic ions, or alkali. Accelerated decomposition from
contamination will result in the significant production
of oxygen and liberation of heat. These products will
support combustion and will cause pressure bursts in
confined spaces. Commercial grades of hydrogen perox-
ide contain small quantities of additives (termed
“‘stabilizers”’) to prevent accelerated decomposition
from occurring during normal product usage.

Please observe the following precautions for handling
and storage of hydrogen peroxide.

Do store in a cool place away from direct sunlight
(perferably in a refrigerator).

Do store in the original containers with closures as sup-
plied and keep closed when not in use. (Be sure the con-
tainers are vented. Hach hydrogen peroxide bottles are
shipped with a special permeable cap liner.)

Do wear gloves and safety glasses when handling the
material.

Do use silicon carbide boiling chips when digesting li-
quid samples.

Do wash contaminated skin and body quickly with
plenty of water. Remove contaminated clothing and
wash well before using again. Wash regularly.

Do wash eyes with plenty of water if contaminated and
do get medical advice quickly.

Do get medical advice without delay if the material is
ingested.

Do flush all spillage with large amounts of water.

Do not store near heat sources or in contact with com-
bustible or organic materials.

Do not allow contact with decomposition catalysts
(metals, dust, alkali, etc.) for transfer or storage
systems.

Caps on the reagent bottles are made with a special
porous liner that allows venting of gas. The venting cap
always must be used on the bottle of hydrogen perox-
ide. As a precaution, the reagent bottles are shipped
in a plastic bag. If there is evidence of leakage during
shipment, wear gloves when removing the bottie from
the bag and rinse the bottle with water when removed
from the bag. Rinse the bag before disposal.

Primary Standards

Several compounds were examined as candidates for
digestion standards. Researchers decided the compounds
chosen should meet the stringent criteria of **primary
standards’’ so they could be synthesized anywhere in
the world with the assurance that they contain, by defini-
tion, an absolute nitrogen content. This would provide
every laboratory its own internal proof of accuracy.

The selection criteria for Kjeldahl primary standards:

1) high molecular weight

2) recrystallization without water of hydration
3) nonhygroscopic

4) thermally stable

3) not air-oxidizable

6) water soluble

7) high purity

8) nitrogen content in useful range

9) degree of digestion difficulty

10) simple and economical, direct synthesis
11) free-flowing solid

Three primary standard compounds of varying
digestibility (Ammonium-p-toluenesulfonic acid,
[PTSA], Glycine-PTSA, and Nicotinic acid-PTSA)
were found to be sufficient to prove the accuracy of
the overall Kjeldahl nitrogen determination. Their
physical properties are listed in Table 4. These p-
toluenesulfonate salts were chosen because they are
stable, nonhygroscopic materials that can be prepared
and purified to primary standard quality, and the pro-
tein content is lowered to a practical range compatible
with the method of analysis. For example, pure glycine
(116.6% protein content) or pure nicotinic acid (71.12%
protein content) could be used as a primary standard,
but the nitrogen levels are too high to fit the working
range of the analysis. The three selected standard com-
pounds have digestibilities ranging from an index of
zero for Ammonium-PTSA (no digestion required), to
10 for Nicotinic acid-PTSA, which is the most difficult
material commonly encountered. Glycine-PTSA




TABLE 3. Candidate Compounds

% Protein

%N (N x 6.25) Digestion Comments

Ammonium Sulfate 21.20 132.5 Water Soluble Inorganic Salt: no
NH,),SO digestion required
Ammonium-PTSA 7.402 46.26 Water Soluble Organic Salt: may be
C/H;1O:SN digested but not necessary

Glycine-PTSA 5.665 35.40 Salt of Amino Acid: relatively easy to
CoH130sN digest

Tryptophan-PTSA 5.106 31.91 Salt of Amino Acid: moderately difficult
CosH2e055;N

to digest

Vitamin
CeHsON Compound: difficult to digest

Nicotinic Acid

Piperidine-PTSA 5.443 eterocycli
difficult to digest

TABLE 4. Some Properties of Ammonium-PTSA, Glycine-PTSA, and Nicotinic
Acid-PTSA

Ammonium-PTSA Glycine-PTSA Nicotinic Acid-PTSA

Structure

0
[

NH,* Oi—ﬁ—@cm CTEWNH3* oa—ﬁ——@——ow3
) o]

“Meltmg Point

nt Protein

Moisture Absorption
25% Relative Humidit

0.03% 0.00%

at 90% Relative Humidity 0.14% 0.15% 0.08%



(digestibility index of 3) is intermediate, and is quite
easily digested. All three compounds may be oven dried
at 100 °C without thermal decomposition, although dry-
ing is unnecessary, because they do not absorb signifi-
cant amounts of moisture, even at 90% relative humidi-
ty. Also, they are non-oxidizable, free-flowing,
crystalline solids that do not stick on weighing paper
or spatula, yet they are water-soluble and stable
indefinitely.

DIGESTION INDEX

The digestion index is a numerical rating scale for classi-
fying nitrogen compounds based on their resistance to
decomposition. 1t was devised to optimize digestion con-
ditions to obtain full nitrogen recovery in the least time.
In a careful study of the minimal time required to digest

FIGURE 4. Nltrogen ﬁecbvery from a Nicotinic
Acid-Succinate Sample

a variety of materials, complete nitrogen recovery was
achieved for many samples immediately upon clearing
of the digest (when the digest becomes colorless).
However, resistant or refractory materials such as
nicotinic acid require several minutes of continued
peroxide digestion after clearing to obtain 100% nitrogen
recovery.

The arbitrary scale that was devised assigned zero to
compounds not needing digestion (ammonium salts) and
ten to nicotinic acid. All the substances digested can
be assigned a number between “0” and “10,” depen-
ding on the minimum peroxide reaction time required,
relative to nicotinic acid. This provides an easy-to-use,
reliable index of digestibility which is useful in
forecasting the degree of treatment needed to bring about
complete digestion. One may treat unknown samples

FIGURE 6. Nitrogen Recovery from Nicotinic Acid as a
Function of Digestion Time for Kjeldahl and
Digestion Systems

FIGURE 7.'Nitr'ogen Recovery Curves for Easy, Moderate
and Difficult to Digest Samples. Arrows indicate
88% Nitrogen Recovery.

FIGURE 5. Crude Protein Recovery



with the maximum H,O, volume to assure recovery,
but if the digestion index is known the H,O, treatment
may be adjusted accordingly. Using more H,0, than
necessary does not cause any problem, it is simply less
efficient.

FIGURE 8. Nitrogen Recovery Curves Showing Improvement Using the Vigreux Column. A} Vigreux, B) Open-Head Column

A series of nitrogen recovery curves are presented in
Figures 4-8,



IV. ANALYTICAL RESULTS
TABLE 5. Nitrogen Recovery with Continuous-flow Peroxy Digestion .
Recovery, %

Compound Calculated, %N Found, %N

Phenylalanine

‘Nitroaniline

:_'H'i"étidine

Leucine

18.05 99.7

etrapyriaylporpiy

Reference Materials Centified, %N Found, %N

:NBS Bovine liver #1577

“National Bureau of Standards
tAssociation of American Feed Control Officials

TABLE 6. Comparison of Protein Values Obtained Using Open-head,
Vigreux, and Association of Official Analytical Chemists (AOAC) Kjeldahl Methods

[Results expressed as % Crude Protein (N x 6.25)]
Sample Open Head (a) Vigreux (b) AQAC Kjeldahl {c)

Fish meal

Bovine liver
(NBS 1577)

Nicotinic acid

(a) Open head, 4:1 peroxide reagent
(b) Vigreux fractionating head, 50% peroxide
(c) Section 7.015 Official Methods of Analysis, AOCAC, 1984
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TABLE 7. Crude Protein Results for Nicotinic Acid-PTSA
(Primary Standard 29.64% Crude Protein) Using Vigreux Method

Eight Replicates Using 10-20 mL of 50% Hydrogen Peroxide
(Results in % Crude Protein)

29.60 29.69 29.36 29.93 Recovery = 100.00%
X = 29.63
29.44 29.44 29.69 29.93 8§ = 0.22
V = 0.74%
Range = 0.57
TABLE 8. United States Environmental Protection
Agency (USEPA) Sludge Sample Results: H,S0,—H,0, Vigreux Method
(Concentrations expressed in mg/kg)
Parameter Hach USEPA™

25,200

Zinc 1280 1320

*Average results from referee laboratories performing the analysis according to USEPA Reference Methods

TABLE 9. Results of H,50,—H,0, (Vigreux Method)
Digestion and Spectrophotometric Analysis of BCR-Certified Sewage Sludge

[Concentrations expressed as ug/g and (uncertainty)]
Parameter Hach Certified BCR Value*

fron 45,150 (1,048) 43,100 (1,300)

*Community Bureau of Reference, BCR No. 144
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TABLE 10. Nitrogen Concentrations in Various Coals

(Results expressed as % Nitrogen, dry)
Coal Rapid Dissolution Procedure” CHN Analyzer .
X range (n=3) X range (n=2)

i!_!h{zcns No. 6 (raw

1.02 0.86 0.82-0.90

1.01_-1 .02
92
1231.25

N BS 1632a

*Three determinations on each of three digestions were performed

Mean values for each digestion were used for reporting the range and for calculating the sample average

TABLE 11. United States Department of Agriculture (USDA)
Accreditation Test Data on the Hach System for Crude Protein
[Results expressed as % Crude Protein (N x 6.25)]
Ham, Smoked Ham, Water Added

Sample No. USDA Hach  Hach-USDA Sample No. USDA Hach Hach-USDA

15671 17.1 17.0 -0.1

17076 19.0 19.3 +0.3

18054 16.5 16.4 ~0.1
17102 16.2 16.5 +0.3 16181 18.9 18.1 ~0.8
r 0.9902 r o 0.9443
X (USDA) 18.29 X (USDA) 16.71
X (Hach) 18.35 X {Hach) 16.39
X (Hach) — X (USDA) +0.06 X (Hach) — X (USDA) ~0.32
A 1.0680 A 0.9679
B ~1.3040 B 0.8442

A = Slope B = Y-intercept
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Pork Sausage Cooked Sausage
Sample No. USDA Hach Hach-USDA Sample No. USDA Hach Hach-USDA

15121 10.4 10.9 +0.5 14258 13.0 12.7 ~0.3

15330 10.8 10.9 +0.1

15086 11.9 12.2 +0.3

r 0.9689 r 0.9426
X (USDA) 13.24 x {(USDA) 11.98
X (Hach)  13.43 X (Hach)  12.17
X (Hach) — X (USDA) +0.19 X (Hach) — X (USDA) +0.19
A 0.9379 A 0.9655
B 0.6460 B 0.2323
Canned Ham Hamburger

Sample No. USDA Hach Hach-USDA Sample No. USDA Hach Hach-USDA

14980 17.9 18.0 +0.1

‘1"505_7 18.3 17.8 -0.5

15175 17.4 17.5 +0.1 15193 18.0 17.6 - 0.4

15402 155 155 0.0
r 0.7148 r 0.9547
% (USDA)  18.09 X (USDA)  18.14
% (Hach)  17.81 % (Hach)  18.07
X (Hach) — X (USDA)  -0.28 X (Hach) - X (USDA)  -0.07
A 05478 A 1.0352
B 83331 B -0.5667

13



V. APPLICATIONS
General Digestion Procedure

Refer to Hach's Water Analysis Handbook—Second Edi-
tion (literature code 8353) or the revised third edition
of the Digesdahl Digestion Apparatus Instruction
Manual (12-30-89-3ED, catalog number 23130-89) for
the complete general digestion procedure, For a list of
specific application procedure manuals, see section VI.
References at the end of this booklet.

In the United States, request specific application pro-
cedures by the designated literature code numbers by
calling 1-800-227-4224 or write:

HACH COMPANY
PO. Box 389
Loveland, CO 80539

Outside the United States, contact the Hach office
or distributor serving you.

Cereal Products

Examples: Grains, pasta, flour

Analytes: Protein, Ca, Cu, Fe, Mg, Mn, P K. Zn
Procedure: General digestion

Request literature 3120.

Cereal Products

Example: Corn starch
Analyte: Protein

Procedure: General Digestion
Request literature 3120,

Fruits/Vegetables

Examples: Fresh, frozen and canned produce, process-
ing samples

Analytes: Protein, Ca, Mg, P, Fe, Cu, Mn, Zn

Procedure: General digestion

Request literature 3120.

Edible Oils
Examples: Corn oil, soybean oil, peanut oil
Analytes: Phosphorus

Procedure: General digestion, except split H,O,
addition—35 mL immediately upon heating and
5 mkL later.

Request literature 3120.
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Meat/Poultry/Fish

Examples: Fresh or processed products, mechanically
de-boned pouliry

Analytes: Protein, Ca, Mg, P, bone-equivalent, fat

Procedure: Add 50 mL H,0 and 50 mL H,SO,. Stir
until sample dissolves and fat separates* Pipet 5 mL
sample solution into digestion flask and use general
digestion, except no additional H,S0,.

Request literature 3120.

Meat/Poultry/Fish
Examples: Fresh meat used for processing
Analyte: Total extractable protein (salt soluble)

Procedure: Treat sample with 150 mL 10% NaCl solu-
tion for 2 minutes in a high-speed blender. Filter
with Celite. Add 5 mL of the filtrate to the digestion
flask. Add 5 mL of H,S0, to the digestion flask.
Heat to fuming (480 °C, 900 °F). Add 5 mL H,0;,
at 3 mL/minute.

Request literature 3120,

Dairy Products

Examples: Cheese, dry milk, dry whey, fluid milk and
whey

Analytes: Protein, Ca, Mg, K, P
Procedure: General digestion
Request literature 3120,

Dairy Products
Example: Cheese
Analyte: Fat

Procedure: Using the Hach Fat analysis glassware, add
50 mL H,0, 2 ml pentadecane and 50 mL of
H,S0, to the sample. Stir until the sample dissolves
and the fat separates® Attach measuring stem, add
50% H,50, and read the fat content.

*The acid solution may be digested for protein and
elemental analysis.

Request literature 3120,




Beverages

Examples: Beer, wine, soft drinks, fruit and vegetable
juices

Analytes: Protein, Ca, Mg, P, K, Fe, Mn, Cu

Procedure: Preheat 4 ml of H,80, for 1 minute
470 °C, 875 °F).

Add the sample through the capillary funnel. Add 10 mL
of H;O, at 3 mL/minute.

Request literature 3120,

Animal Feed/Pet Food

Examples: Grains, forage, complete ration, protein
supplements

Analytes: Protein, Ca, Cu, Fe, Mg, Mn, P, K, Zn
Procedure: General digestion
Request literature 3120.

Fertilizer Solutions
Example: Nitrogen fertilizer solutions
Analyte: Total nitrogen (NH;*, NO,, organic)

Procedure: Add 0.4 g salicylic acid and 4 mL H,50,
to the sample and let stand for 10 minutes. Heat at
80 °C in 2 lab oven for 15 minutes. Use the
general digestion, except no additional H,50,.

Request literature 3201.

Animal Waste

Example: Feces, urine, manure
Analytes: N, P, K

Procedure: General digestion

References: Agricultural Analysis Handbook, Hach
catalog number 22546-03.

Watkins, et. al. J Assoc. Off. Anal. Chem. 987, 70 (3).
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Wastewater
Examples: Sewage, septage

Analytes: Ag, Al, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, Pb,
P. TKN, Zn

Procedure: Use 4 mL H,80, to digest the sample and
heat to evaporate the water. Use the general diges-
tion. Neutralize the digested sample with 8N KOH
before analysis.

Request literature 8353 (Water Analysis Handbook).

Sludges

Example: Aerobic, anaerobic municipal sludge, dried
sludge

Analytes: Ag, Al, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, Pb,
TKN, Zn

Procedure: Use the general digestion, except heat diluted
digest for 15 minutes and filter.

Request literature 8353 (Water Analysis Handbook).

Fuels/Lubricants
Examples: Coal, grease, lubricating oil
Analytes: N, Ca, Cu, Cd, Cr, Fe, Ni, Zn

Procedure: Use the general digestion, except with 6 mL.
of H,80, and 20 mL of H,0.. Heat the diluted
digest for 15 minutes and then filter for analysis.

References: Norton, et. al. Fuel 1987, 66.

Organic Chemicals

Examples: Aliphatic, cyclic and aromatic amines
Analyte: N

Procedure: General digestion

Reference: Treybig, et. al. Anal. Chem. 1983, 55 (6).
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