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Humic Acid Molecular Weight Estimation by 
High-Performance Size-Exclusion Chromatography 

with Ultraviolet Absorbance Detection and 
Refractive Index Detection

Soil Chemistry

Molecular properties such as functionality and the MWs or sizes of HAs are 
key properties controlling HA reactivities in both natural and engineered 

aquatic systems (Chiou et al., 1987; Karanfi l et al., 1996; Piccolo et al., 1996, 1998). 
Prior studies used several techniques for determining the MWs of HAs including 
ultrafi ltration (Buffl  e et al., 1978), fi eld fl ow fractionation (Giddings et al., 1987), 
vapor pressure osmometry (Figini and Marx-Figini, 1981), low-angle x-ray scat-
tering (Wershaw and Pinckney, 1973), and HPSEC (Chin et al., 1994; Piccolo, 
2001; Abbt-Braun et al., 2004; McDonald et al., 2004; Li et al., 2004; Fong and 
Mohamed, 2007; Wang et al., 2009). Among these techniques, HPSEC is the most 
convenient and is widely used. High-performance size-exclusion chromatography 
separates dissolved HA macromolecules according to their sizes, or more specifi -
cally, their hydrodynamic molecular volume. Molecular weights are typically es-
timated using synthetic polymers of known MW as external standards, assuming 
no chromatographic diff erence between polymers and HAs. Uncertainty in such 
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High-performance size-exclusion chromatography (HPSEC) with ultraviolet absorbance detection (UVAD) has 
been widely utilized to estimate the molecular weight (MW) and MW distribution of humic acids (HAs). Th e 
MW estimated by UVAD was inherently inaccurate, however, because UVAD set at 254 nm only detects limited 
HA components, and the molar absorptivities of diff erent HA constituents are not equal. Th e objective of this 
study was to evaluate the refractive index detection (RID)-based HPSEC method for quantifying the MW of 
HAs. Five HA samples were quantifi ed with both UVAD and RID. Th e chromatograms obtained on the two 
detectors showed that the RID/UVAD response ratios were consistently >10, indicating that RID is more sensi-
tive for the detection of HAs. Th e chromatograms obtained with RID had three peaks compared with two peaks 
shown on UVAD chromatograms because RID detected a late-eluting peak (F3) that was not shown on the UVAD 
chromatograms. Comparison of the RID/UVAD response ratio showed that the highest MW HA fraction (F1) 
and lowest MW HA fraction (F3) have higher RID/UVAD response ratios, whereas the medium HA fraction 
(F2) had a lower RID/UVAD response ratio. Th ese suggested that F1 and F3 may have relatively lower contents 
of UV-sensitive bonds such as C=C double bonds than F2. Compared with HPSEC-UVAD chromatograms, the 
HPSEC-RID chromatograms resulted in higher weight-averaged MWs, lower number-averaged MWs, and higher 
polydispersivity for the tested HA samples. Th is study indicated that RID is less selective than UVAD for detec-
tion of structurally highly heterogeneous HA molecules and is thus better for characterizing the MW distribution 
of HA molecules.

Abbreviations: HA, humic acid; HPLC, high-performance liquid chromatography; HPSEC, high-
performance size-exclusion chromatography; MW, molecular weight; PHA, Pahokee peat humic acid; 
PSS, polystyrene sulfonates; RID, refractive index detection; SEC, size-exclusion chromatography; UV, 
ultraviolet; UVAD, ultraviolet absorbance detection.
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MW determinations is inevitable, however, due to the diff erence 
in polymer standard interactions with water and background electro-
lytes (Conte and Piccolo, 1999; von Wandruszka et al., 1999; Zhou et 
al., 2000; O’Loughlin and Chin, 2001; Her et al., 2002).

In recent years, HPSEC equipped with UVAD has been 
widely used due to various advantages such as small sample vol-
ume, minimal pretreatment, the availability of equipment, and 
the ease and speed of analysis (O’Loughlin and Chin, 2001; 
Zhou et al., 2000; Her et al., 2002, 2008; Hur et al., 2006; Fuentes 
et al., 2007; Espinoza et al., 2009). Several prior studies have re-
ported much improved MW estimations for HAs and fulvic ac-
ids (FAs) by HPSEC. O’Loughlin and Chin (2001) examined 
the eff ect of the UVAD wavelength on the determination of the 
MW distribution of both HAs and FAs. Th ey found that both 
the number-averaged (Mn) and weight-averaged (Mw) MWs of 
the humic substances increased as a function of the wavelength 
preset on the detector. Zhou et al. (2000) showed eff ects on the 
Mn, Mw, and polydispersivity (ρ, a measure of the sample hetero-
geneity) by the defi nition of the low-MW (LMW) cutoff . Th ey 
recommended that either 2% of the maximum chromatogram 
height or MW = 50, whichever is higher, be the LMW cutoff  
and that 1% of the maximum chromatogram height be the high-
MW (HMW) cutoff . Her et al. (2002) studied variations in 
MW distributions estimated by HPSEC with both UVAD and 
dissolved organic C (DOC) detection. Th eir results indicated 
that UVAD is not an adequate detector for quantitative analysis 
of MW estimation but rather can be used for limited qualitative 
analysis. Th ey believed that the estimation of MW with UVAD 
is inherently inaccurate because ultraviolet (UV) absorbance 
at 254 nm detects only limited components (mostly π-bonded 
molecules) of natural organic matter (NOM), and the molar 
absorptivity of highly diff erent NOM constituents may not be 
equal. Instead, MWs measured utilizing online DOC detection 
is a better presentation of NOM MWs.

Th is study was designed to characterize the MW distribu-
tion of HAs with HPSEC equipped with both UVAD and RID. 
Unlike UVAD that detects primarily the response of C=C dou-
ble bonds, RID is less specifi c than UVAD. Prior studies have 
shown that RID is applicable for quantifying humic substances 
(Conte and Piccolo, 1999; Piccolo et al., 2001; von Wandruszka 
et al., 1999). Von Wandruszka et al. (1999) showed that the elu-
tion profi les recorded with both RID and UVAD were signifi -
cantly diff erent. We initiated this study to quantify and compare 
the apparent MW sizes and MW distribution with both RID 

and UVAD for typical HA samples. Th e information provided is 
useful for characterizing molecular sizes of NOM isolated from 
water, soils, and sediments.

MATERIALS AND METHODS
Chemicals

All inorganic chemicals used in this study were purchased from 
Sigma-Aldrich (St. Louis, MO) or Merck Chemicals Ltd. (Gibbstown, 
NJ) in analytical grade or higher. Six polystyrene sulfonates (PSS) 
with MWs of 910, 3610, 6530, 14,900, 32,900, and 63,900 Da were 
purchased from Polymer Standard Service USA (Warwick, RI). Th ese 
polymeric organic macromolecules were used as the standard materials 
having known MWs.

Humic Acids
A total of fi ve HA samples were used in this study. Aldrich HA 

is a commercial humic acid in Na salt obtained from Sigma-Aldrich 
Chemicals (Milwaukee, WI). It was further purifi ed with multiple steps 
of repeated pH adjustment, dissolution, precipitation, and centrifuga-
tion to remove ash, base-insoluble humin, and acid-soluble fulvic acid 
following a procedure reported by Swift  (1996). Th e other four HA sam-
ples were extracted from Pahokee peat, Canadian peat, a sandy soil, and 
marsh sediment. Pahokee peat HA, originally collected from Pahokee, 
FL, was obtained from the International Humic Substances Society (St. 
Paul, MN). Th e Canadian peat sample was collected from the northern 
Great Plains on the eastern slope of the Rocky Mountains foothills and 
was kindly provided by Dr. Zicheng Yu of Lehigh University (Yu et al., 
2003). Th e sandy soil was collected from a paddy fi eld in the suburban 
area of Guangzhou, China (Song et al., 2002). Th e marsh sediment was 
collected from a marsh near Kearny, NJ.

Th e procedures described by Swift  (1996) for isolation and purifi -
cation of HA from soils and sediments were followed exactly. In brief, 
peat, soil, or sediment samples were fi rst treated with 0.1 mol L−1 HCl (1:10 
w/w), and sequentially extracted several times with 0.1 mol L−1 NaOH un-
der a N2 atmosphere, with each extraction lasting for 24 h. Aft er extrac-
tion, the aqueous solution was separated from the solid by centrifuga-
tion at 10,000 rpm. Th e supernatants of all extractions were combined 
and acidifi ed with 6 mol L−1 HCl to pH 1 to 2 for precipitating HA. 
Aft er centrifugation, the HA precipitate was redissolved with a mini-
mal volume of 0.1 mol L−1 KOH under a N2 atmosphere and KCl was 
added to obtain a K+ concentration of 0.3 mol L−1. Aft er removal of 
fi ne insoluble particles by centrifugation, the HA supernatant was acidi-
fi ed and the HA precipitate obtained was treated with 0.1 mol L−1 HCl 
+ 0.3 mol L−1 HF solution for 24 h, dialyzed (Spectra/Por 3 dialysis 
tubes, 1000 MW cutoff , Spectrum Laboratories, Rancho Dominquez, 
CA) against distilled water until free of Cl−. Th ey were then freeze-
dried and stored in brown glass bottles.

Th e purifi ed HA samples were analyzed using an elemental ana-
lyzer (Elementar Vario EL, Elementar Analysensysteme GmbH, Hanau, 
Germany) following a standard high-temperature (900°C) combustion 
procedure. Th e results are listed in Table 1.

Table 1. Elemental compositions and atomic ratios of the fi ve 
humic acid (HA) samples.

Sample
Elemental composition Atomic ratio

C H N O H/C O/C

———— % (w/w) ————
Pahokee peat HA 52.7 5.39 3.15 33.8 1.23 0.48

Purifi ed Aldrich HA 57.6 5.11 0.87 34.2 1.06 0.45

Canadian peat HA 49.6 4.78 2.66 34.3 1.16 0.52

Sandy soil HA 43.3 4.03 2.74 23.4 1.12 0.41
Kearny marsh sediment HA 52.9 5.98 2.49 25.6 1.36 0.36
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High-Performance Size-Exclusion Chromatography
Th e size-exclusion chromatography (SEC) was conducted on a 

high-performance liquid chromatography (HPLC) system (Agilent 
1100, Agilent Technologies, Santa Clara, CA) coupled with a UV ab-
sorbance detector (Agilent G1315B) and a refractive index detector 
(Agilent G1362A). Ultraviolet absorption was recorded at λ = 254 nm based 
on previous studies (O’Loughlin and Chin, 2001; Zhou et al., 2000; 
Her et al., 2002; Hur and Schlautman, 2003; Janoš, 2003; Perminova 
et al., 2003; Li et al., 2004; Espinoza et al., 2009). Th e refractive index 
detector was connected to the UV absorbance detector outlet and the 
signals of both detectors were simultaneously processed with Agilent 
Chemstation soft ware. A Biosep-Sec-2000 column (300 by 7.8 mm, 
Phenomenex, Torrance, CA) with a guard column of the same pack-
ing material (300 by 7.8 mm, Phenomenex) was used for SEC. Th e 
mobile phase used was a phosphate buff er (0.002 mol L−1 K2HPO4 + 
0.002 mol L−1 KH2PO4) at pH 6.8 and with ionic strength adjusted to 
0.1 mol L−1 with 0.1 mol L−1 NaCl solution. Th e HPLC was set at a 
fl ow rate of 1 mL/min and sample injection volume of 25 μL. Duplicate 
injections showed <3.5% of diff erence in peak areas of a given sample 
or standard on chromatograms obtained with both UVAD and RID.

Humic acid solutions at 300 mg/L were used for HPSEC analysis. 
Th e solutions were prepared by dissolving the purifi ed and dried HA 
samples in 0.1 mol L−1 NaOH. Aft er 24 h, the solution pH was adjusted 
to 6.8 with 1 mol L−1 HCl buff ered with a phosphate buff er solution. 
Th e solutions were then fi ltered with a 0.2-μm cartridge (polytetrafl uo-
roethylene) fi lter. Th e fi nal HA solutions had exactly the same back-
ground electrolytes, solution pH, and ionic strength as the mobile phase 
of SEC. All fi ve PSS standard solutions were prepared similarly. Blue 
Dextran (2000 kDa, Sigma-Aldrich, St. Louis, MO) served as a void vol-
ume probe and methanol (HPLC grade) as a permeation volume probe. 
We used PSS as the standards because they can be detected simultaneously 
with both UVAD and RID and they have charge densities mostly similar to 
HAs isolated from soils and sediments even though the structural similarity 
between PSS and HAs is debatable (Zhou et al., 2000). Indeed, the HA 
MW data determined with PSS as the standards were found to be close to 
those determined with vapor pressure osmometry and fi eld-fl ow fraction-
ation (Zhou et al., 2000).

High-Performance Size-Exclusion Chromatography 
Data Treatment

Th e data sets of retention time vs. known MWs for PSS standards 
and acetone with the two diff erent detector systems were used to estab-
lish calibration curves for the HPSEC systems. Calibration equations, 
with r2 > 0.99, were obtained for UVAD: 

tlog MW 3.0398 4.6982R=- +  [1]

 and RID:

tlog MW 4.4776 7.7791R=- +  [2]

where MW is the apparent molecular weight and Rt is the retention time.
Th ese calibration equations were used to calculate the MWs of the 

tested HAs. Th e baselines of the chromatograms varied among the HA 

samples due to tailing. Th e baseline was set as 0 at 2% of the maximum 
chromatogram height in accordance with Zhou et al. (2000). Th e chro-
matograms were used to calculate the molecular characteristics of the 
HAs, including Mn, Mw, and ρ, which were determined using
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where hi and MWi are the height of the chromatogram and the MW 
of a HA sample corresponding to the ith retention time, respectively.

RESULTS
Ultraviolet Absorbance Detection and Refractive 
Index Detection Chromatograms

Figure 1 presents the HPSEC chromatograms obtained 
with UVAD and RID for the fi ve HA samples. It is clear that 
the chromatograms obtained with UVAD and RID for each of 
the HA samples are very diff erent. Th e chromatograms obtained 
with UVAD have a bimodal distribution of MW with relatively 
lower intensities whereas the chromatograms obtained with RID 
have three peaks with greater intensities. Th e bimodal distribu-
tion patterns shown in the HPSEC UVAD chromatograms are 
consistent with the observations reported by Li et al. (2003, 
2004). According to the UVAD chromatogram of PHA, the 
fi rst peak, designated as F1,UVAD, corresponds to MWs ranging from 
25,000 to 100,000 Da and may be structurally characterized by ali-
phatic functional groups (Li et al., 2003). Th e second peak (F2,UVAD) 
has a higher intensity than F1 and corresponds to the MWs ranging 
from >70 to 25,000 Da. According to Li et al. (2003), F2,UVAD can 
probably be characterized structurally as aromatic functional groups.

According to Fig. 1, the chromatograms obtained with 
RID have greater intensities with three distinguishable 
peaks, as divided in each of the chromatograms by two dashed 
vertical lines. The F3,RID peak, the lowest MW fraction on 
the RID chromatograms, was not detected with UVAD. As 
presented in Fig. 1 for PHA, the first peak (F1,RID) has the 
lowest intensity among the three peaks and corresponds 
to MWs ranging from 25,000 to 100,000 Da. The second 
peak (F2,RID) has the highest intensity and corresponds to 
MWs ranging from 300 to 25,000 Da, while the third peak 
(F3,RID) has a moderate intensity and corresponds to MWs 
ranging from 70 to 300 Da. As seen from Fig. 1, the other 
four HA samples have similar chromatographic patterns. 
The quantitative properties of the chromatograms obtained 
for the five HA samples with the two different detectors are 
summarized in Table 2 and the similarities and differences 
are detailed below.
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Molecular Weight Distribution and Polydispersivity
Table 2 lists the Mn, Mw, and ρ data and standard deviations 

calculated for the total HPSEC chromatograms and the peak 
fractions against the PSS calibration curves. As shown in Table 2, 
the two diff erent detectors yielded statistically diff erent molecu-
lar properties for each of the HA samples. For example, the peat 
humic acid PHA has an Mn,UVAD value of 662 Da and Mw,UVAD 
value of 6764 Da, but the calculated Mn,RID and Mw,RID values 
are 579 and 7994 Da, respectively. Th e resulting ρ value is 13.80 
for PHA based on the RID chromatogram, which is statistically much 
higher than the 10.22 calculated from the UVAD chromatogram.

According to the HPSEC UVAD chromatogram of PHA, 
the HA sample is divided into two fractions. Th e F1,UVAD rep-
resents the high-MW subunit, which has Mn and Mw values of 
40,601 and 43,222 Da, respectively. Th e F2,UVAD fraction repre-
sents the low-MW subunit, which has Mn and Mw values of 643 
and 3823 Da, respectively. Th e high-MW subunit of PHA de-

termined by UVAD has very low polydispersivity (ρ  = 1.06) 
and the low-MW subunit has a relative high polydispersivity (ρ  
= 5.94), but both ρ values are statistically lower than the 10.22 
of the bulk HA molecules (Table 2). Th e relative peak area of 
the low-MW HA subunit is 92.4%, much greater than the high-
MW HA subunit (7.6%), indicating that the low-MW HA sub-
unit dominates the PHA molecules.

As shown in Fig. 1, the PHA determined by RID has 
three fractions or subunits. Th e high-MW subunit (F1,RID) has 
Mn and Mw values of 40,131 and 43,440 Da, respectively. Th e 
medium-MW subunit (F2,RID) has Mn and Mw values of 1480 
and 4565 Da, respectively. Th e low-MW subunit (F3,RID) has 
Mn and Mw values of 125 and 159 Da, respectively. A similar 
low-MW fraction was reported by von Wandruszka et al. (1999) 
with no quantitative or semiquantitative details. Th e ρ values de-
termined by RID are 1.08, 3.08, and 1.27 for the high-, medium-, 

Fig. 1. High-performance size-exclusion chromatograms of 
Pahokee peat humic acid (PHA), purifi ed Aldrich humic acid 
(AHA), Canadian peat humic acid (CHA), sandy soil humic 
acid (SSHA), and Kearny marsh sediment humic acid (KMHA) 
obtained with ultraviolet absorbance (UVA) and refractive 
index (RI) detection, showing differentiation into fractions (F) 
based on molecular weight (MW).



SSSAJ: Volume 74: Number 6  •  November–December 2010 2017
 

and low-MW subunits, respectively. Th ese values are all statis-
tically lower than the ρ value (13.80) of the bulk PHA (Table 
2). Th e relative peak area of the medium-MW subunit is 74.1%, 
higher than the low- (15.3%) and high-MW subunits (10.6%).

Similar trends can be found for the other four samples. 
As shown in Table 2, the UVAD method yielded statistically 
greater Mn values and smaller Mw values than the RID method 
for each of the fi ve HA samples. Th e Mw values calculated from 
the UVAD chromatograms fall in a range of 4469 to 13,961 Da, 
which is narrower than the commonly reported hundreds to mil-
lions of Da for soil HAs (Stevenson, 1994). Th e Mn values cal-
culated from UVAD chromatograms varied within the range of 
539 to 914 Da. Th e ρ value calculated for the high-MW subunits 
(F1,UVAD) was in the range of 1.03 to 1.12, statistically signifi -
cantly lower than the 4.91 to 9.27 values calculated for F2,UVAD 
(Table 2). Th e relative peak area of F1,UVAD is 2.1 to 18.8%, indi-
cating that the low-MW subunit (F2,UVDA) dominates.

Each of the fi ve RID chromatograms of the fi ve HA samples 
shows three subunits (Fig. 1). Th e high-MW F1,RID fraction has 
Mn and Mw values of 40,131 to 57,403 and 43,440 to 59,052 
Da, respectively. Th e medium-MW F2,RID fraction has Mn and 
Mw values of 1480 to 3541 and 3328 to 8307 Da, respectively, 
and the low-MW F3,RID fraction has Mn and Mw values of 125 
to 231 and 159 to 429 Da, respectively. Th e ρ values of the three 
subunits are 1.03 to 1.17 (F1,RID), 1.96 to 3.08 (F2,RID), and 
1.27 to 1.85 (F3,RID). Th e relative peak area of the F2,RID frac-
tion is 53.4 to 74.1%, indicating that F2,RID is dominant.

Our data are comparable to those published in the litera-
ture. For example, the Mw values of the two peat humic acids 
(PHA and Canadian peat HA) measured by HPSEC UVAD 
are 6764 and 5525 Da, respectively. Th ese Mw values are slightly 
lower than that of a mixture of peat HA and fulvic acid reported 
in Perminova et al. (2003). Th e sandy soil HA had an Mw,UVAD 
value of 9097 Da, which is comparable with the values of 6.1 to 
9.0 kDa reported by Perminova et al. (2003) for soil HAs.

DISCUSSION
Th e observed diff erences between the chromatograms ob-

tained with two detectors for each HA sample can be attributed 
to the diff erences in the detection theory between UVAD and 
RID. It is known that the HPSEC UVAD method uses a UV ab-
sorption spectrophotometer as the detector for quantifi cation of 
organic macromolecules and that the absorption of UV or visible 
radiation corresponds to the excitation of outer electrons (Skoog 
and Leary, 1992; Her et al., 2002; Wolfender, 2009). When an 
atom or molecule absorbs energy, electrons are promoted from 
their ground state to an excited state. Th e energies of the vari-
ous types of molecular orbitals diff er signifi cantly. Th e electronic 
transitions among certain energy levels can be brought about 
by the absorption of radiation through σ–σ*, n–σ*, n–π*, and 
π–π* transitions (Skoog and Leary, 1992). A UV detector oft en 
detects transitions of n or π electrons on organic molecules to 
the π* excited state. Th e energies required for such transitions re-
sult in absorption peaks in an experimentally convenient spectral 
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region (200–700 nm) (Skoog and Leary, 1992). Both transitions 
require the presence of unsaturated C–C bonds (i.e., double or 
triple bonds in HA) to provide π orbitals. Because HA macro-
molecules are structurally highly heterogeneous, each HA mol-
ecule may have diff erent function groups and a diff erent content 
of C=C double bonds, possessing diff erent molar absorptivity 
(ε). Th e MW determined based on the chromatograms of a UV 
absorbance detector (oft en set at 254 nm) is thus related to the 
HA molecules with relatively high ε rather than the bulk HA 
components. Th e inherent inaccuracy and hence underestima-
tion of MWs by the UVAD method are unavoidable (Chin et 
al., 1994; Li et al., 2003, 2004; Her et al., 2002; O’Loughlin, and 
Chin, 2001; Perminova et al., 2003).

A refractive index detector is a common detector in HPLC 
and is very useful for detecting organic compounds that do 
not adsorb in the UV range and do not fl uoresce (Conte and 
Piccolo, 1999; von Wandruszka et al., 1999; Piccolo et al., 2001; 
Chávez-Servín et al., 2004; Kamiński et al., 2004; Chen et al., 
2007; Wolfender, 2009). It detects changes in the refractive in-
dex as liquid samples pass through the sample cell. A liquid or 
mobile phase oft en has a much lower refractive index than mac-
romolecules of larger sizes. Macromolecular solutes eluted from 
a SEC column can cause sharp changes in the refractive index. 
A refractive index detector is thus an ideal detector for fast and 
reliable acquisition of HPLC data. It is especially suitable for 
quantifi cation of non-UV-absorbing substances such as carbohy-
drates, lipids, and polymers (Chen et al., 2007; Chávez-Servín 
et al., 2004; Kamiński et al., 2004). As shown in this study and 
others (Conte and Piccolo, 1999; von Wandruszka et al., 1999; 
Piccolo et al., 2001), RID is very reliable for quantifying HAs 
because its response to the HA concentration is more universal 
than UVAD, whether aromatic vs. aliphatic structures or C–C 
single vs. double bonds of HA.

Our data indicate that RID is less selective and more sensi-
tive than UVAD for the detection of structurally highly hetero-

geneous HA molecules. Th e chromatograms presented in Fig. 1 
show that the RID responses are much higher than the UVAD 
responses for each of the HA samples, indicating that RID is more 
sensitive for the detection of organic molecules. To better compare 
the chromatograms obtained with UVAD vs. RID, the response 
ratios (RID/UVAD) are plotted against MW in Fig. 2. It shows 
that the RID/UVAD response ratios are consistently higher in 
the highest (F1) and the lowest MW fractions (F3,RID) for all fi ve 
HA samples. Th e medium-MW HA fraction (F2) has a low RID/
UVAD response ratio. For example, PHA has a RID/UVAD re-
sponse ratio of >15 for MW >25,000 and <300 Da. Th is suggests 
that the PHA macromolecules with MW >25,000 and <300 Da 
have relatively lower molar absorptivity of UV at the wavelength of 
254 nm. As discussed above, this low UV absorptivity is probably 
related to lower contents of C=C double bonds. According to Li 
et al. (2003), the HA fractions with larger MWs contain more ali-
phatic carbons, whereas the fractions with smaller MWs have more 
aromatic structures. Apparently, the aliphatic C chains have lower 
contents of C=C double bonds that have lower UV absorptivity 
and hence a lower response to UVAD. Conversely, the aromatic 
HAs (equivalent to F2) have greater contents of C=C double 
bonds that have a higher UV absorptivity and a stronger response 
to UVAD. It is noted that F3,RID also has a higher response ratio, 
which may result from a non-aromatic, low-MW HA component 
(von Wandruszka et al., 1999).

Th e apparent MWs determined for the HAs appear to be 
correlated with the elemental composition of the bulk HAs. 
Figure 3 shows that the relative peak areas of F1 on both UVAD 
and RID chromatograms increase as a function of H/C atomic 
ratios. A regression procedure yields two linear correlations of 
the F1 peak area with the H/C atomic ratios, with R2 > 0.75. 
Such correlations may suggest that the greater MW HA may have 
higher contents of aliphatic C. Figure 4 indicates that the relative 
peak areas of F2,RID + F3,RID or F2,UVAD increase as a function 
of the O/C atomic ratio. Th ese linear correlations indicate that 

Fig. 2. Changes in the refractive index detection/ultraviolet 
absorbance detection (RID/UVAD) response ratios for Pahokee peat 
humic acid (PHA), purifi ed Aldrich humic acid (AHA), Canadian peat 
humic acid (CHA), sandy soil humic acid (SSHA), and Kearny marsh 
sediment humic acid (KMHA) as molecular weight (MW) increases.

Fig. 3. Changes in the relative peak area of the high-molecular-weight 
subunit (F1) as a function of the H/C atomic ratio for the fi ve humic 
acid samples using ultraviolet absorbance detection (UVAD) and 
refractive index detection (RID).
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the low-MW subunits may have more O-containing 
functional groups.

CONCLUSIONS
Both UVAD and RID used for quantifying 

HAs eluted from HPSEC were shown to result 
in very diff erent chromatograms for each of the 
fi ve HA samples. In general, RID has much stron-
ger responses than UVAD, as the RID/UVAD 
response ratios are consistently >10. All HPSEC 
RID chromatograms have unique, late-eluting 
peaks of HA molecules having several hundreds of 
Daltons, whereas HPSEC UVAD failed to detect 
this fraction. Th e RID/UVAD response ratios are 
higher in the highest and the lowest MW fractions 
and lower in the medium-MW HA fraction for all 
fi ve HA samples. Th ese observations are consistent 
with the fact that HAs with larger MWs (F1) are 
more aliphatic than those with smaller MWs (F2). 
Th is larger MW HA fraction may have relatively lower contents 
of UV-sensitive bonds such as C=C double bonds. Th e low-
est MW HA fraction (F3,RID) also has a higher response ratio, 
which may result from non-aromatic, low-MW HA compo-
nents. Compared with the HPSEC UVAD chromatograms, 
the HPSEC RID chromatograms yield higher weight-averaged 
MW, lower number-averaged MW, and higher polydispersivity. 
Th is study indicates that RID is less selective than UVAD for 
detection of structurally highly heterogeneous HA molecules.
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