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ABSTRACT

An analytical procedure has been developed for quantitative determination of

humic substances which are common agricultural and gardening products.   The

residual of humic substances in surface water become the undesirable

trihalomethane (THM) precursors to people and chronic toxic substances to aquatic

plants and animals.   Removal and analysis of humic substances are important

tasks of  environmental researchers.  The principle of humic substances is similar

to that of tannin and lignin analysis except that the two analytical methods use

different analytical instruments. The principle is that soluble humic substances,

such as humic acid, fulvic acid and their salts,  reduce the  tungstophosphoric and

molybdophosphoric acids to produce a grayish color up to at least 20 mg/L at UV

wavelength 265-400 nm.  The grayish color substance can be quantitatively

measured with a UV-Visible Spectrophotometer.  This publication is one of the

authors' memoirs.
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 DETERMINATION OF SOLUBLE HUMIC SUBSTANCES

(HUMIC ACID, FULVIC ACID & SALTS) IN WATER BY

UV-VISIBLE SPECTROPHOTOMETRY

Mu-Hao Sung Wang,  Lawrence K. Wang, Betty C. Wu,

and Geng Yuan Hu

1. . INTRODUCTION

1.1  Environmental Engineering Significance

Soluble humic substances (including humic acid and fulvic acid) are natural

products resulting from biological decomposition of organic substances by soil

microorganisms over a prolonged period of time. They are also very common

agricultural farming and gardening products.   The soluble humic substances may

also enter the water supply through either the natural organic degradation process

or man-made non-point sources of water pollution. [ 1 ]
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In  natural  water systems, humic and fulvic acids are water pollutants, known as

the  trihalomethane precursors. or aquatic chronic  toxic substances.  Many

environmental engineers and chemists have devoted themselves to removing them

from water.

Humic substances all  react with tungstophosphoric and molybdophosphoric acids

to form a color complex. However, the reaction is not specific for a specific humic

substance (humic acid, fulvic acid, and their salts)  inasmuch as other reducing

materials respond similarly.

The nature of the substance suspected in the water sample will dictate the choice of

humic acid, fulvic acid, or humic substances in general for use in the preparation of

the standard solution.   This is necessary because it is impossible to distinguish

among  hydroxylated  aromatic compounds.
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Unless humic acid, fulvic acid or humic substances is definitely known to be

present, the results of this determination logically may be reported in the more

general terms of  "humic acid-like" or simply as "hydroxylated aromatic

compounds. [2]
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2.   GENERAL DISCUSSION

2.1 Principle

Soluble humic substances reduces the same tungstophosphoric and

molybdophosphoric acids to produce a grayish color up to at least 20 mg/L (in

terms of  humic acid) at UV wavelength 265-400 nm.  The grayish color substance

can be quantitatively  measured with a UV-Visible Spectrophotometer.

2.2 Interference

Such reducing substances as 2 mg ferrous iron/L and 125 mg sodium sulfite/L

individually produce a color equivalent to 1 mg humic acid/L.

2.3 Minimum Detestable Concentration

Approximately  0.2 mg/L for soluble humic substances.
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3.   APPARATUS

An UV/Visible Spectrophotometer is needed.    It is for use at 265-400 nm for

soluble  humic  substances  determination,  and  at  600-700 nm for tannin and

lignin determinations. A light path of 1 cm or longer  yields  satisfactory

results.
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4. REAGENTS

4.1 Tungstate-Molybdate Reagent

Transfer 100 g sodium tungstate, Na2WO4*2H2O, and 25 g sodium molybdate,

Na2MoO4 *2H2O, together with 700 mL distilled water, to a 2,000-ml flat-bottom

boiling flask. Add 50 mL 85% H3PO4 and 100 mL concentrated  hydrochloric acid

HCl. Connect to a reflux condenser and boil gently for 10 hr. Add 150 g Li2SO4,

50 mL distilled water, and a few drops of liquid bromine. Boil without condenser

for 15 min to remove excess bromine. Cool to 25 °C, dilute to 1 L and filter. Store

finished reagent, which should have no greenish tint, in a tightly stoppered bottle to

protect against reduction by dust and organic materials.

4.2 Carbonate-Tartrate Reagent
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Dissolve 200 g sodium carbonate Na2CO3 and 12 g sodium tartrate,

Na2C4H4O6*2H2O,  and 750 mL  hot distilled water, cool to 25°C, and dilute to 1

L.

4.3 Stock Solution

Weigh 1.000 g soluble humic substances, humic acid, or fulvic acid being used for

agricultural farming, gardening, or other applications, or known to be a

contaminant of the water sample. Dissolve it (i.e. reagent grade humic acid, fulvic

acid, or their salts)  in distilled water and dilute it to 1,000 mL.

4.4 Standard Solution

Dilute 10.00 mL or 50.00 mL stock solution to 1,000 mL with distilled water: 1.00

mL =  10.0 or 50.0 ug,  respectively,   active ingredient.
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5. PROCEDURE

Bring 50 mL clear sample and standards to a temperature above 20°C and maintain

within a ±2°C range. Add in rapid succession 1 mL tungstate-molybdate reagent

and 10 mL carbonate-tartrate reagent. Allow 30 min for color development.

Compare visually against simultaneously prepared standards or make UV-visible

spectrophometric readings against a reagent blank prepared at the same time. Use

the following guide for the instrumental measurements in the suggested

wavelength regions assuming the    humic acid analysis in 61-mL final volume:

1.  50-1000 ug  humic acid  uses 1 cm light path at    265-400 nm wavelength

2.  10-500  ug   humic acid  uses  5 cm light path at 265-300 nm wavelength
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6.   TECHNICAL DISCUSSIONS

6.1.  Presence in the Environment and Applications of Humic Acid , Fulvic Acids,

and Their Salts

Soluble humic substances (including humic acid and fulvic acid) are natural

products resulting from biological decomposition of organic substances by soil

microorganisms over a prolonged period of time.

Figures 1 and 2 show that the humic substances are wildly used for agricultural

farming and gardening applications, and can be purchased in many stores, such as

Home Depot,  Walmart,  Lows,   or  from online,  such  as  Amazon,  eBay.      Their

common presence in the natural water causing water pollution is obvious, and they

should be removed, and monitored.
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Inexpensive regular commercial products (Examples:  the products shown in

Figures 1 and 2 or equivalent) can be used for treatability research.

Figure 1.  Availability of Fulvic Acid and Related Products.
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Figure 2.   Availability of Humic Acid and Related Products.
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6.2.  Chemical Formula, Reagent Grade  and Material Safety Data Sheets of Humic

Substances

Figure 3 and Figure 4 are the molecular structures of fulvic acids and humic acid

(sodium salt), respectively..   Figure 5 and Figure 6 are the Material Safety Data

Sheets (MSDS) of fulvic acid and humic acid , respectively.   The reagent grade of

both chemicals can be purchased from Sigma-Aldrich, Fisher Scientific, etc.

Only the reagent grade chemicals (Examples:  the products shown in Figures 5 and

6 or equivalent) should be used for preparation of  the standard solutions in this

analytical method.
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6.3  Selected  Reagent Grade Chemicals  for This Research

Figure 7 shows the selected chemical (humic acid, sodium salt, with a chemical

formula of C9H8Na2O4 for preparation of the Standard Solutions in this research.

Humic acid sodium salt is a complex mixture of multiple acids, which functions as

a dibasic or tribasic acid.   This acid mixture is usually found in dead organic

matter via biodegradation   It is known that humic acid sodium salt is important in

regulating the bioavailability of metal ions as a result of its chelating properties to

metal ions.

Figure 8 shows another  chemical (fulvic acid) with a chemical formula of

C14H12O8 for preparation of the Standard Solutions of  fulvic acid.

Any chemical suppliers'  reagent grade chemicals can be used.

6.4  Recommendations
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The newly developed analytical method for humic substances determination is

very similar to the existing analytical methods [3-7] for tannin and lignin

determinations in terms of chemistry.   The major  difference is that the current

Standard Methods [6] for tannin and lignin determination is the colorimetry using

Nessler Tubes, photometer, or regular spectrophotometer  at the wavelength range

of 600-700 nm; while the new humic substances determination method requires the

UV-Visible Spectrophotometry to be controlled at the wavelength range of 265-

400 nm.

It is recommended that the two analytical methods be combined together.

The authors invite  the researchers around the world to continuously study this

proposed new method.
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Figure 3. Molecular Structure of Fulvic Acid
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Figure 4.  Molecular Structure of Humic Acid - Sodium Salt

(Source: Santa Cruz Biotechnology, Inc.)
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Figure 5.  Material Safety Data Sheet of  Fulvic Acid

(Source:  Sigma-Alrich, Inc.)
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Figure 6.  Material Safety Data Sheet of  Humic Acid

(Source:  Sigma-Alrich, Inc.)
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Figure 7.   Recommended Humic Acid Sodium Salt For Preparation Of Standard

Solutions  (Source: Santa Cruz Biotechnology, Inc.)
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Figure 8.   Recommended Fulvic Acid For Preparation Of Standard Solutions

(Source: Santa Cruz Biotechnology, Inc.)
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GLOSSARY

Humic substances (HS):   They  are organic compounds, including humic acid,

fulvic acid, their salts, etc.  that are important components of humus, the major

organic fraction of soil, peat, and coal.

Spectrophotometry:   It is a quantitative analytical method to determine how

much a chemical substance absorbs light by measuring the intensity of light as a

beam of light passes through sample solution in a cell.   Each chemical compound

absorbs or transmits light over a certain range of wavelength.

Ultraviolet-visible (UV-Vis) spectrophotometry:  It is an analytical technique

used to measure light absorbance of chemical substance across the ultraviolet and

visible ranges of the electromagnetic spectrum across a wavelength range of 190 –

840nm.
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UV-Vis spectrophotometer:   It is an instrument used to determine the

concentration of specific analytes in a microvolume by controlling the analysis

wavelengths (190-840 nm) and the pathlength. The amount of light absorbed by

the instrument is directly proportional to the concentration of the sample and the

distance the light travels through the sample (the pathlength).
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