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Photography — Processing wastes — Determination of
boron

1 Scope

This Interr
wastes. TH
stronger a

higher. In the range 0,1 mg/l to 5 mg/l, phosphate is removed by precipitation by lead acetate. In th

to 100 mg
concentrat

The secon
boron rang
wastes.

2 Norm

The follow
of this Inte
to revision
possibility
registers o

ISO 5667-1
ISO 5667-2
ISO 5667-3

ational Standard specifies two methods for the determination of. béron in photograp
e first method is the estimation of borates by titration of the bofic acid-mannitol comp
Lid than the boric acid from which it is formed. It is suitable fof boron concentrations @

|, the sample is diluted 25 times; this eliminates phesphorous interference if the
on is below 500 mg/I.

 and alternative method is a spectrophotometricstechnique using methylene blue and i
e of 0,1 ml/l to 1,0 mg/l, this being the concentration likely to be encountered in photograp|

ative references

ng International Standards contain provisions which, through reference in this text, consti
rnational Standard. At the-time of publication, the editions indicated were valid. All standa

and parties to agreements based on this International Standard are encouraged to i
bf applying the most.recent editions of the standards indicated below. Members of IEC an
f currently valid Intérnational Standards.

11980, Waterquality — Sampling — Part 1: Guidance on the design of sampling programn
1991, Water quality — Sampling — Part 2: Guidance on sampling techniques.

:1994¢ Water quality — Sampling — Part 3: Guidance on the preservation and handling of

Im)

nic processing
ex, which is a
f 0,1 mg/l and
e range 1 mg/l

phosphorous

5 useful in the
hic processing

ute provisions
ds are subject
nvestigate the
H ISO maintain

nes.

samples.

ISO 6353-

1009 0 + £ L H L L M v | yal Lo s N ']
- PJOL, TTICayCiiio TUrLricrinediaridaryoio — Idlt 1. JTTICTar iCol ITICUTUUS.

ISO 6353-2:1983, Reagents for chemical analysis — Part 2: Specifications — First series.

ISO 6353-3:1987, Reagents for chemical analysis — Part 3: Specifications — Second series.

ISO 10349-

1:1992, Photography — Photographic-grade chemicals — Test methods — Part 1: General.

3 Principle

In the method using boric acid-mannitol complex, sodium acetate is added to stabilize the pH. The sample is then
acidified with sulfuric acid and boiled to expel carbon dioxide. Upon cooling, the pH is adjusted to 7 with sodium
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hydroxide. Mannitol is added to form a complex acid with any boric acid present. The mixture is then titrated back
to pH 7 with 0,02 mol/l sodium hydroxide. Interference by atmospheric carbon dioxide is minimized by titrating both
the sample and a blank in a specified time. This method should not be used in the presence of ammonia gas, acetic
acid vapours, or hydrochloric acid fumes since these may be absorbed into the sample and change the pH.

In the spectrophotometric method using methylene blue, sulfuric acid and hydrofluoric acid are added to form
the tetrafluoroborate ion (BF4-). Methylene blue is then added and the complex formed is extracted with
1,2-dichloroethane. The absorbance of the extract is measured at a wavelength near 660 nm.

4 Safety a

4.1 Hazard

Some of the ¢

notices are gi
chemical proc

be indicated b
which design:

particularly pe

hazard symbo

hazard symbo

solvents wher

Detailed warn
Standard.
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The hazard sy
not meant for

It is strongl

nd operational precautions

warnings
hemicals specified in the test procedures are caustic, toxic or otherwise hazatdous. Spe

bdure at all times. The first time that a hazardous material is handled in a\procedure, the

used in quantities of less than 1 litre unless they are particularly hazardous.

hall provide training and health and safety information

bout the hazards, handling, use and disposal of these chemicals.

information code system

if inhaled. Avoid breathing dust, vapour, mist or gas. Use only with adequate ventilation.

if contact occurs. Avoid contact with eyes, skin or clothing. Wash thoroughly after handlin

if-swallowed. Wash thoroughly after handling. If swallowed, obtain medical attention immj

ben in the text and footnotes, but normal precautions are required during-.the performa

y the word "DANGER"” followed by a symbol consisting of angle brackets “( )" contain
tes the specific hazard and a statement of the hazard. A doublecbracket “(( )" will b
rilous situations. In subsequent statements involving handling of, these hazardous materia
| consisting of the brackets and letter(s) will be displayed. Furthermore, for a given m
s will be used only once in a single paragraph. Hazard symbols/will not be used for comnpon organic

in conformance \

mbol system used in this InternationalStandard is intended to provide information to the
compliance with any legal requirements for labelling as these vary from country to countryj.

recommended that anyone\using these chemicals obtain from the manufacturer

ific danger
nce of any
hazard will
ing a letter
e used for
s, only the
aterial, the

ings for handling chemicals and their diluted solutions are beyond the scope of this Ipternational

vith legal

sers and is

pertinent

g.
ediately.

information
4.2 Hazard
(B) Harmfu
(C)y Harmfu
(S)y Harmfu
{S)) May be
(F)  Will bur
©O)

fatal if swallowed. If swallowed, obtain medical attention immediately.

n. Keep away from heat, sparks and open flame. Use with adequate ventilation.

Oxidizer. Contact with other material may cause fire. Do not store near combustible materials.

4.3 Safety precautions

All pipette operations shall be performed with a pipette bulb or plunger pipette. This is a critical safety

warning!

Safety glasses shall be worn for all laboratory work.
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5 Materials and reagents

5.1 General

5.1.1 Handling and labelling

6849:1996(E)

Reagents shall be handled in conformity with health and safety precautions as shown on containers or as given in
other sources of such information. Proper labelling of prepared reagents includes chemical name, date of
preparation, expiration date, restandardization date, name of preparer, and adequate health and safety precautions.
The discharge of reagents shall comply with applicable environmental regulations.

5.1.2 Purity

Reagents

standards |or be chemicals of a purity acceptable for the analysis. For details see ISO 635341, |
ISO 6353-3.

5.1.3 Water

Whenever|water is specified without other qualifiers in the test procedures, only-distilled water or

purity shal

be used.

5.1.4 Strength of solutions

5141 A

5.1.42 W
number of

does not li

5.1.43 W

bids and ammonium hydroxide are full strength unless otherwise specified.
hen a standardized solution is required, its concentration is expressed in moles per li

it the reliability of the test method.

hen a standardized solution is not required, its concentration is expressed in grams per

appropriate number of significant figures.

5.1.44 W

concentrafed solution, are to be diluteawith Y volumes of distilled or deionized water.

5.2 Rea

jents for methiod using boric acid-mannitol complex

5.2.1 Lead acetate solution, c[Pb(C,H305), - 3H,0O] = 0,5 mol/l.

Add apprd
trinydrate

ximately 750 ml of water to a 1 litre volumetric flask. Add and dissolve 190g+ 1 g g
(DANGER: (S))) and dilute to volume with water. If the solution is not clear, filter it {

paper ) (p

refolded; medium flow — 100 ml prefiltered water in 55 s; medium porosity — 8 um partic

used in the test procedures shall be certified reagent-grade chemicals and shallhmget appropriate

50 6353-2 and

water of equal

re (mol/l). The

significant figures to which the molarity (mol/)is known shall be sufficient to ensure that the reagent

itre (g/l) to the

hen a solution is to be dilutedaits solution is indicated by (X + Y), meaning that X volumeg of reagent, or

f lead acetate
hrough a filter
le retention).

5.2.2 Mannitol (CgH140g).

5.2.3 Sodium acetate solution, ¢(NaC,H30,) = 0,1 mol/l.

Add approximately 750 ml of water to a 1 litre volumetric flask. Add and dissolve 8,2 g + 0,1 g of sodium acetate
(anhydrous), dilute to volume with water, stopper and mix well.

1) Whatman 2V is an example of a suitable filter paper available commercially. This information is given for the convenience
of users of this International Standard and does not constitute an endorsement by ISO of this product.
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5.2.4 Sodium hydroxide, standard volumetric solution, c(NaOH) = 0,020 0 mol/i.

Pipette 100,0 ml of standard sodium hydroxide solution (0,100 0 mol/l) into a 500 ml volumetric flask. Dilute to
volume with boiled distilled water which has been cooled to room temperature. Avoid unnecessary exposure to air.
This solution is stable for about one week.

5.2.5 Sodium hydroxide, saturated solution.

Slowly dissolve 60 g of sodium hydroxide (DANGER: (C)) in 50 ml of freshly boiled, distilled water in a polyethylene
or polypropylene bottle. Allow this solution to stand for 48 h before using it. When using this solution, care should
be taken not to disturb it. Decant the amount needed to avoid contamination from sodium carbonate which has

settled to the

DANGER —
cause the mi

5.2.6 Sodiuni

Add from a gr

bottom of the container.

If the water has not cooled before adding the sodium hydroxide, the heat of $ol
cture to boil and erupt.

hydroxide, approximately 0,5 mol/l solution (carbonate free).

bduated cylinder, 3 ml of the decanted saturated sodium hydroxide (DANGER: (C)) (5.2.5)

beaker. Dilut¢ to approximately 100 ml with freshly boiled distilled water and>-store in a polyd

polypropylene

5.2.7 Sodiun

Add approxim
(anhydrous), d

5.2.8 Sulfuri

bottle. Avoid prolonged and unnecessary exposure to air. The solution'is stable for two da

h sulfate solution, ¢(Na;SO4) = 0,5 mol/l.

ately 750 ml of water to a 1 litre volumetric flask. Add«and dissolve 71 g+ 1 g of sod
lute to volume with water, stopper and mix well.

£ acid solution, ¢(H,SO4) = 0,05 mol/l.

5.2.9 Thymadl blue solution, 0,04 % in water.

5.3 Reagen
5.3.1 Boron

Dissolve 0,57
mark, stopper

5.3.2 Boron

Pipette 10 ml
stopper and n

5.3.3 Boron

ts for methylene blue method
standard solution, boron = 0,1 g/l.

P g+ 0,001 g of ortheboric acid in water, transfer to a 1 litre volumetric flask, add wate
and mix well. Thissolution can be kept for 6 months after preparation.

standard solution, boron = 0,001 g/I.

of boron standard solution (0,1 g/l) (5.3.1) into a 1 litre volumetric flask, add water up tq
ix-well. This solution should be used within 10 days after preparation.

thion may

to a 150 ml
thylene or
ys only.

um sulfate

I up to the

the mark,

standard solution, boron = 0,000 1 g/I.

Pipette 10 ml of boron standard solution (0,001 g/l) (5.3.2) into a 100 ml volumetric flask, add water up to the mark,
stopper and mix well. Prepare this solution at the time of use. This solution should be used within 8 h after

preparation.

5.3.4 1,2-Dichloroethane (DANGER: (F)C)).

5.3.5 Hydrofluoric acid (1 + 9).

Prepare the solution in a fume hood. (EXTREME DANGER: ((C)X(S)). Concentrated hydrofluoric acid is

extremely co

rrosive.)
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5.3.6 Methylene blue solution.

Dissolve 0,40 g £ 0,01 g of methylene blue in water to make 100 ml of solution. Add 10 ml of this solution to a
100 ml volumetric flask, add water to the mark, stopper and mix well.

5.3.7 Silver sulfate solution, 0,3 g/!.

Dissolve 0,15 g £ 0,01 g of silver sulfate in water to make 500 ml of solution.
5.3.8 Sodium carbonate, Na,CO3, anhydrous.

5.3.9 Sodi eiNaQH) = 1 mol/l

5.3.10 Sulfuric acid (3 + 97).

While stirring, slowly and cautiously add 3 parts of sulfuric acid to 97 parts of water (DANGER: (CXB})].

6 Apparatus

All glasswdre subject to heating shall be of heat-resistant borosilicate glass 2.
Pipettes arnjd other volumetric glassware shall meet the requirements,specified in 1ISO 10349-1.
6.1 Speg¢ial apparatus for method using boric acidmannitol complex

6.1.1 Elegtronic pH-meter, complete with pH electrodes and capable of reading to three decimpal places, i.e.
0,001 pH units.

6.1.2 Alarm stop-clock.

6.2 Spegial apparatus for methylene blue method
6.2.1 Separating funnel, polyethylene or polypropylene, of capacity 50 ml.

6.2.2 Photometer, spéctrophotometer measuring in the visible portion of the electromagnetic spec{rum.

7 Sampling and sample preparation

It is necessary that the analysis be carried out on a representative sample and the sampling of a process effluent or
a plant effluent can encompass many difficulties and due care shall be exercised. See ISO 5667-1, ISO 5667-2 and
ISO 5667-3. Sampling shall be carried out in conformance with regulatory requirements. Sampling should be carried
out under typical operating conditions and the sample normally should be representative of the overall plant
effluent. Daily samples that are truly representative of the effluents require sampling over 24 h and sampling that is
proportional to flow rate. Samples taken during a sudden discharge or during another non-routine operation will not
yield results representative of the normal operation.

2) Pyrex® is an example of suitable glassware available commercially. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by 1SO of this product.
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8 Procedure
NOTE — In the method using boric acid-mannitol complex, if the pH-meter does not have automatic temperature

compensation, standardization of electrodes and pH measurements shall be carried out at 23 °C £ 2 °C. Do not use buffer

solutions containing boron.

8.1 Procedure for method using boric acid-mannitol complex for levels of boron from 0,1 mg/I

to 5 mg/I

8.1.1 Removal of phosphate

Add, from a graduated cylinder, 400 ml of sample 10 a 600 mI beaker. Using a pipette, add T0 ml of-Tgad acetate
solution (DANGER: ((S))) (5.2.1). Place on a magnetic stirrer and stir moderately. Using a pipettgadd 10 ml of

sodium sulfat

solution (5.2.7). Remove the stirring bar and allow the beaker to stand for 2 min,Decant 2560 ml of

the supernatapt liquid into a graduated cylinder and discard the excess. Transfer the liquid to a400 ml Qeaker. Add

5 drops of thyfol blue solution (5.2.9).

8.1.2 RemoVal of carbonate

Add sulfuric dcid solution (5.2.8) to the solution, drop by drop, until the thymalhblue changes colour| Cover the
beaker with a watch glass and boil gently for 2 min. Place the beaker in a watér'bath and cool the contemts to room

temperature.

8.1.3 Preparption for titration

Standardize the pH electrodes (see 6.1.1). Stir the sample moderately on a magnetic stirrer. Adjust th¢ pH of the
sample to 7,00 using 0,5 mol/l and 0,020 0 mol/l sodium .hydroxide solutions (5.2.6 and 5.2.4). Allow 1 min for
equilibration and make any final adjustments to give pH 7,00 0,05 [sulfuric acid solution (5.2.8) may be|used if the
pH is too high|. If the drift is more than 0,004 in 30 s, wait)another minute and readjust the pH of the sample.

8.1.4 Titration

Fill and level @ 10 ml burette with 0,020 0smol/l sodium hydroxide (5.2.4). Record the pH of the samgle to three

decimal places, i.e. 0,001 pH unit. Set-the alarm stop-clock (6.1.2) for 2 min and add 5,0g+0,1g
(5.2.2). Immedliately titrate with the sodidm hydroxide solution to the recorded pH value. Finish the titrgtion before

the alarm sou

hds.

When the alajm sounds, wait-§5and record the pH. The pH should be 0,005 of the recorded value. If

the results an

 start again fron’8.1.1. Record the titrant volume; this is Vj.

8.1.5 Obtaining a blank reading

Repeat the pr

bf mannitol

hot, discard

bcedure described in 8.1.1 to 8.1.4 using 250 ml of water instead of the sample. The burgtte reading

in 8.1.4 now becomes V5 The blank Teadmyshoufd-betakenm at teastonce daity by thetechnicianm performing this

analysis. If V;

is greater than 0,12 ml, the analysis should be repeated using fresh reagents.

8.2 Procedure for method using boric acid-mannitol complex for high levels of boron (5 mg/I to

100 mg/I)

8.2.1 Removal of carbonate

Pipette 10,0 ml £ 0,1 ml of sample into a 400 ml beaker. Add 240 ml of water from a graduated cylinder. Pipette
10 ml of sodium acetate solution (5.2.3) and 5 ml of sulfuric acid solution (5.2.8). Cover the beaker with a watch
glass and boil gently for 2 min. Place the beaker in a water bath and cool the contents to room temperature.
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8.2.2 Preparation for titration

Standardize the pH electrodes (see 6.1.1). Stir the sample moderately on a magnetic stirrer. Adjust the pH of the
sample to 7,00 usmg 0,5 mol/l and 0,0200 mol/l sodium hydroxide solutions (5.2.6 and 5.2.4). Allow 1 min for

l—lr\r\nr\r\n— f— o~ Sy

equilibration and make anv final aolusrments to quve pH 7,00 £ 0,05 {sulfuric acid solution (5.2.8) may be used if the

PN D N N A 20 I ¥ Y e st N NANA fn DN o wasaid A~ PR

Priis 100 nignj. 1T tne drift is more than 0,004 in 30 s, wait anot! lel“ minute and reagjust the pr‘l of the sample

8.2.3 Titration

Fill and level a 10 mi burette with 0,020 0 mol/l sodium hydroxide solution {5.2.4). Record the pH of the sample to

hree decimal p!aces i.e. 0,001 pH unit. Set th alarm st lock {6.1.2) for 2 min and add 5,0 g+ 0,1 g of mannitol
m

tion to the recorded pH value. Finish the titration before
larm annde \/\Ihnn the alarm sounds \A/mf 15 s and record the nH The nl—l should he 0 008 of the recorded

e alal UIT 1TLVUViuTu

value If ngt, discard the results and start again from 8.2.1. Record the titrant volume, this is V1.

Repeat thg procedure in 8.2.1 to 8.2.3 using 250 m! of water instead of the sample ~The burette reading in 8.2.3
now becomes V;. The blank reading should be taken at least once daily by the techmcnan performing thlS analysis.

If V, is grepter than 0,15 ml, the analysis should be repeated using fresh reagents;

8.25 E)I(\jression of results; method using boric acid-mannitol complex
8.2.5.1 ethod of calculation — low levels of boron

The boron [concentration, in milligrams per litre, is given by the formula

pg=(V1-V,)x099

8.2.5.2 Method of calculation - high levels of boron

The boron [concentration, in milligrams per litre,.is-given by the formula

pe =(h - V2)x 245

8.2.6 Pregision

Four standard mixes, ranging-in boron concentrations from 5 mg/l to 100 mg/!, were prepared and |eight analyses
were perfgrmed by two afialysts. The 95 % confidence limit for a single analysis was £ 7 mg/l.

Five standard mixes~ranging in boron concentrations from 0,4 mg/l to 5 mg/l, were prepared and tenfanalyses were
performed|by twa analysts. The 95 % confidence limit for a single analysis was + 0,2 mg/I.

8.3 Procedure for methylene blue method

NOTE — The chromate ion interferes. However, adding several drops of hydrogen peroxide (1 + 100), followed by heating to
decompose the excess hydrogen peroxide, removes the interference.

8.3.1 Direct sample preparation
If the sample is not neutral, neutralize with sulfuric acid (3 + 97) (5.3.10) or sodium hydroxide (5.3.9).

Place a 10 ml aliquot of the sample (containing 0,001 mg or less as boron) in a separating funnel (5.1.5.2) and dilute
to 15 ml with water, add 3 ml of sulfuric acid (3 + 97) (56.3.10), 3 ml of methylene blue solution (5.3.6) and 10 ml of
1,2-dichloroethane (DANGER: (F)XC)) (5.3.4). (This will extract materials such as anionic surface active agents.) Mix
by shaking for 1 min and allow to stand.
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