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A method is proposed to determine the acid-
base properties of natural water samples contai-
ning relatively high amounts of dissolved orga-
nic matter. The electroneutrality principle as well
as titration data are used to estimate the organic
anion concentration in open field precipitation,
throughfall and soil solutions, and to develop
empirical models based on pH and dissolved
organic carbon content. The organic acids dis-
solved in throughfall have a similar acidic site
density but are weaker than those dissolved in
soil solution, stream and lake waters. This
method is usefull to determine the contribution
of organic anions to the charge balance and to
the buffering capacity of dissolved organic rich
waters with low acid neutralizing capacity. It can
be used also to determine the respective contri-
bution of natural organics and anthropogenic
minerals to the total acidity of throughfall and

Consequently, organic acids can significantly contribute to
the buffering capacity and to the electrical balance of low
Acid Neutralizing Capacity (ANC) and dissolved organic
carbon (DOC) rich waters. One of the easiest ways to cal-
culate organic anion concentrations in surface waters is to
assume that the anionic deficit calculated on an electroneu-
trality basis is only due to organic anions [8,9]. Another
approach based on chemical equilibrium calculations uses an
organic acid model calibrated with potentiometric data [10].
Empirical relationships were also established for large-scale
data base [11,12]. Such methods allow to estimate organic
anion concentrations using only dissolved organic carbon
(DOC) and pH measurements.

The main objectives of this study are (i) to investigate the
acid-base properties of dissolved organic matter in through-
fall and in soil solution of some representative forest stands
in France; (ii) to develop empirical relationships between
parameters such as pH, dissolved organic carbon (DOC),

rain waters. organic matter contribution to acid neutralizing capacity
(ANC), organic anion concentration and organic acidity; and
(i) to determine if the geographical situation, the climate,
and the vegetation type influence the acid-base properties of
the organic matter dissolved in throughfall.

Introduction

The Acid Neutralizing Capacity (ANC) and pH are parame- Material and methods

ters commonly used to describe the acid-base status of sur-

face waters, and more specifically, to characterize the degree o

of acidification and the sensibility of natural systemsOne of the objectives of the French permanent plot network
towards acid atmospheric deposition. However, organic arf@ monitoring of forest ecosystems (REseau National de
aluminium rich waters can be considered as exceptions f§kIVi & long terme des ECOsystémes FORestiers: RENECO-
which Acid Neutralizing Capacity (ANC) and pH values areFOR) is to collect data in order to study the impact of
not sufficient to assess their acid-base properties [1,2]. Soraémospheric inputs on forest ecosystems. For that purpose,
areas in France such as the Vosges mountains are receivifgcipitation and soil solution were collected monthly since
substantial anthropogenic acidic deposition, particularlyh€ end of 1992 at 27 sampling stations located all over
enhanced under spruce forests [3,4]. This may contribute, frfance. The chemical data achieved over the period 1993-

sensitive areas, to the acidification of surface waters [5]. 1995 [13] were used to select 7 stations to carry out this
present study. The different types of atmospheric inputs

The natural organic matter is composed of a complegcidic, acidic and ammonia enriched, circumneutral with or
mixture of organic compounds, different in size, elementajithout sea salt influence, and basic due to calcic dusts), as
composition and functionality [6]. Organic acids can reprewell as the vegetation species (beech, Norway spruce, mar-
sent more than 90% of dissolved organic matter present ffime pine and white fir), were the two main selection cri-
surface waters, the remaining being carbohydrates, amineria. Open field precipitation (47 samples), throughfall (65
acids and hydrocarbons [6]. The carboxylic functional grougamples) and soil solutions (23 samples at 20 cm and 28
is the most abundant acidic group. It is characterized by redamples at 70 cm depth) were collected from June 1996 to
atively high dissociation constants (pKO 4) [7]. May 1997 at the selected stations.
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The samples were filtrated through 0.45 pm cellulosethroughfall with less than 3 mg/L DOC and less than 5
acetate filters then kept at 5 °C until analysis. Major elememmol/L Al; (ii) throughfall and basic soil solutions rich in
concentrations were determined as followed?!,N&, Ca&* DOC (> 3 mg/L) and poor in Al (< 1@mol/L); and (iii)
and Mg* by flame atomic absorption spectrometry (Hitachiacidic soil solutions charaterized by relatively high Al con-
Z-8200), Ct, NO,, SO and PQ* by ionic chromatogra- centration (5 — 8Qumol/L) and by moderate DOC content
phy (Dionex 4000i), Ni and Si(OH) by colorimetry (< 7.5 mg/L).

(Technicon autoanalyser Il). Trace elements such as Al, Fe . .
and Mn were also measured using an inductively coupled WO different approaches are described to measure the
plasma emission spectrometer (ARL 35000 c). pH wagrganic anion concentration in open field precipitation and

determined with a Mettler DL 40 pH-meter and a Mettled" throughfall. The first one is based on charge balance cal-
combined pH electrode (HA405-DXK), and conductivity c.ulat.lons and the second one on equilibrium models using
with a Consort K 511 conductimeter. DOC was measured gifration data.

catalysed combustion at 680 °C (Shimadzu TOC 5000) after

acidification and gas purge. All samples were run in dupliJhe charge balance method

cates. The charge balance (CB) of samples containing low con-

Titrations were developed in the laboratory [14] in ordefentration of Al can be expressed as following, using a pro-
ton reference level of 2 for Al [1]:

to quantify the organic acidity, using a Metrohm Titrino 716
titrator and an Orion Ross combined pH electrode. A 50 m _ » o4 " 4
aliquot of sample was first titrated in a closed glass vesse B ; [ZNaIJI J; ['i ]2+52£M2 ]HJ: 2 [C& + INHL]

with a strong acid (HCI 0.008 M) to pH 3, and the Acid [_ ] . [AI*] [2_ ] N

Neutralizing Capacity (ANg,) was determined using — [CI] = [NO°] — 2 [SQ?] - [PO/7]

Gran's plot in the pH range of 3.0 — 4.0. After 5-10 min- — (ANCg, + [H']). (1)

utes of N bubbling, the sample was then back titrated with )

a strong base (NaOH 0.016 M) to pH 11 undemith con- Nonetheless, this charge balance does not reflect the exact
tinuously degazing to avoid atmospheric carbon dioxide cof"ganic anion concentration of the sample beca:use some
tamination). The weak acidity (Agi,) was calculated using Organic anions are included in the term ANC+ [H']. In
again Gran's plots in the pH ranges of 3.0 — 3.5 (strong aci@ther words, CB represents the fraction of organic anions
ity) and of 10.5 — 11.0 (total acidity). The ionic strength oiwhlch_ls not titrated V\_/lth a strong acid. Ther_efore, in order
the sample were adjusted to 0.1 N with KCI then titrationd0 estimate the organic contribution to ANg it was pos-
were conducted at 258 0.1 °C to stabilize pH measure- (ulated that the deviation of the ANG, from a reference
ments thus improving Gran's plots (three replicates)@ue (ANG) can be attributed to organic anions, the alu-
Typically ANCg,., and ACj,.., uncertainties are 0 togeg/L ~ Minium contrlbutlpn to ANG.., be|n'g.negllgeab'le. ANGis

and 0 to 25ueq/L, respectively. Blanks (KCI 0.1 N solu- defined for aquatic systems containing only bicarbonate and

tions) gave negligible values for ANG, and ranged from Carbonate anions as basic buffering species. French streams
—20 to +25 peq/L for Agi.. [15,16] and precipitation (this study) with less than 3 mg/L

DOC were used to develop an empirical equation (see also
Fig. 1):
ANC, (meg/L) = 16 (0.0042 163/ (1083 + 10°H)
— 10PH +104+0H), 2

Results and discussion

pH, dissolved organic carbon (DOC), acid neutralizingAn estimation of the organic contribution to the ANG
capacity (ANG,.), Al, Fe and Mn values of water are sum- (ORG,c) is then:

marized in table I. The samples can be roughly classified

into three categories: (i) open field precipitation and ORGy¢ = ANCgan — ANG, 3)

Table 1. Minimum and maximum values of some chemical parameters for the different water samples. DOC: dissol-
ved organic carbon, ANC ,.,.: Acid Neutralizing Capacity determined by strong acid titration and using Gran's plot.

Water type pH DOC (mg/L of C) ANCsg,,, (meq/L) Al (umol/L) Fe (umol/L) Mn (umol/L)
Open field precipitation 4.3 — 6.7 0.4 - 38 —-0.039 - 0.127 - - -
Throughfall 3.8-6.6 0.5-515 -0.182 — 0.291 0-10 0-1 0-41
Soil solution (20 cm) 45 -6.7 09 -104 —0.006 — 0.104 0-79 0-1 0-10
Soil solution (70 cm) 46 -7.0 04 - 36 0.005 — 0.166 0-72 0-1 0-6
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Figure 1. pH versus Acid Neutralizing Capacity (ANC .,) for Figure 2. Organic anion concentration (ORG ) versus dissolved
samples containing less (stream [13,14], spring and precipita- organic carbon (DOC) content for precipitation, throughfall and
tion) or more (throughfall) than 3 mg/L of dissolved organic car- soil solution.

bon (DOC). The simulated curve represents the reference value
ANC, (see in the text Eqg. (2)) calculated for DOC < 3 mg/L
samples. trated by the linear relationships of ORGrersusDOC
(Fig. 2) and of the charge density (ORGDOC) versuspH
(Fig. 3). Moreover, the organic anion concentration in soil
solutions is higher than in throughfall, even though soil solu-

ORGyot / DOC tions are more acidic. An empirical model based on a mul-
(neg/mg of C) tiple regression analysis can be established for open field
[ ) precipitation and throughfall:
12 -
| oo ORG,, (meg/L) = 5.25 18 DOC (mg/L of C)

. +2.35 1¢ pH - 0.127 (5)
A with r2 = 0.79 forn = 116 water samples.
iy b Consequently, the factors influencing the pH and the dis-
i solved organic carbon (DOC) content of throughfall have an
0 effect on organic anion chemistry. These factors include the
temperature (hot in summer/cold in winter), the vegetation
i ° type (coniferous/deciduous trees), the rainfall amount as well
-4 . 1 L 1 ' 1 ' ] as temporal variation (storm/long term events), and the
3 4 5 6 7 nature of the atmospheric inputs (basic/acidic).
pH
Figure 3. Charge density (ORG ,,/DOC) versus pH for through- Organjc anion concentration: The equi[[brium
fall containing more than 3 mg/L of dissolved organic carbon model method

(DOC).

The organic acidity@urg) Of open field precipitation and of
throughfall samples was deduced from the weak acidity
The difference between the organic contribution to ANC (Aciy.,) measured by basic titration, after correction for the
and the reference value for the waters containing a feank and the weak inorganic acidity induced by the pres-
amount of organic carbon (< 3 mg/L) is less tharu#g/L  ence of ammonia, silica and phosphate. For that purpose,
in the pH range of 4.0 — 6.6. It is following a Gaussian typ¢hermodynamic equilibrium constants adjusted to 0.1 N KCl
distribution. The organic anion concentration (Q@&an medium were used [17]. Initial and final pH values of the
finally be calculated as: basic titration are 3 and 11 respectively, which correspond
to correction factors of 0.98 for ammonia, 0.97 for silica and
ORG,; = CB + ORG¢ (4) 1.30 for phosphate. Thus the measured organic acidity is:

The organic anion concentration depends greatly upon both  Cors = ACiyeax — 0.98 [NH'] — 0.97 [HSIO]
pH and dissolved organic carbon parameters. This is illus- — 1.30 [PQ*] — blank (6)
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However, the organic acidity measured by titrati@gE)  solution samples from different geographic regions are also
represents only a fraction of the total organic aciditymentioned for comparison [2,8,10,11,18-24].

(Cors o), because of the presence of dissociated organic
anions even in acidic media (corresponding to the quantit}zh
CB). Thus, the total organic acidity is:

The site densities of all types of water are very similar.
is means that the organic acidity is only affected by para-
meters influencing the amount of dissolved organic carbon
C =C...+CB 7y (DOC) in surface waters. However, the acid dissociation
ORG tot ORG . ( ) .
constants reveal a discrepancy between throughfall and other

The acid dissociation constarit,( of the organic acids is types of surface waters. The organic contribution to the ANC
calculated using a monoprotic acid dissociation model for alf not so different from values obtained for many studies in
Samp|es Containing more than 3 mg/L of dissolved Organiﬂfle literature. On the other hand, the organic contribution to

carbon (DOC): the charge balance is about half of what can be measured in
lake and stream water samples. Thus, it is obvious that the
K, = [H] ORG,; / (Corg tot— ORG,) (8)  proportion of organic acids having low pKa values are less

represented in throughfall than in soil solutions, in lakes and
The results show that the organic acids are weaker in streams. Moreover, this fraction of strong organic acids
throughfall than in soil solutions. Moreover, a linear relacould be considered as the fingerprint of organic matter in
tionship between the pK(-log K,) and the pH of the surface waters. Indeed, organic acids titrated with either a

throughfall samples is observed: strong acid or a strong base have the same acid-base prop-
erties. Consequently, it is important to use both the charge
pK, = 0.48 pH + 2.61 (9) balance and titration data to characterize the organic acids

. dissolved in surface waters.
with r2 = 0.4 forn = 52 water samples.

This equation can then be used to estimate the organic anion
concentration in throughfall containing more than 3 mg/L of Conclusion
dissolved organic carbon (DOC):

ORG,; (meg/L) = 9.7 16 DOC (mg/L of C) / This study allowed to investigate the acid-base properties of
(1 + 10052pH+26) (10)  dissolved organic matter in open field precipitation, through-
fall and in soil solution of some representative forest stands
If the different organic anion concentrations estimated fronh France. An empirical modelling based on pH and dis-
both charge balance (Eqg. 5) and equilibrium model (Eq. 1®&olved organic carbon (DOC) can be proposed to predict the
methods are compared, it appears that the equilibrium modebntribution of dissolved organic matter (organic anion con-
method gives results closer to the organic anion concentrgentration and organic acidity) to the charge balance and to
tions calculated using equation (4) than the charge balang buffering capacity (acid neutralizing capacity, ANC) of

method with an underestimation of only A#rsus20%. organic rich natural precipitations. Nevertheless, the acid-
base properties of dissolved organics vary according to the
Comparison of DOC acid-base properties different type of waters (throughfall, soil solution, river and

The dissolved organic matter acid-base characteristics f(l)arke)'
throughfall and soil solutions are summarized in table Il. Empirical models (5) and (10) developped to estimate the
Data from the literature obtained on lake and stream and saitlganic anion concentration can be used to evaluate organic

Table Il. Acid-base properties of dissolved organic matter (Unit: peg/mg of C). ANC: Acid Neutralizing Capacity, DOC:

Dissolved Organic Carbon, CB: charge balance, ORGtot: organic anion concentration, Corg tot: total organic acidity,

pKa = —log K,: acid dissociation constant. Literature: see references [2,8,10,11,18-24].

Acid-base parameters Formula Throughfall Soil solution Lakes, streams  Soil solutions
(this study) (this study) (literature) (literature)

Organic contribution to ANC ORG,,/DOC 23+22 - 16 - 2.7 -

Organic contribution CB/DOC 28+1.2 8.4 +43 45 -55 -

to the charge balance

Charge density ORG,,/DOC 51+28 84 +43 7-8 -

Site density (Core 10)/DOC 9.7 £ 1.7 13.0 + 3.8 10 (7.5 - 13.5) 10 (7.5 — 13.5)

Acid dissociation constant pK, 51+05 48 + 0.6 4 - 45 4-45
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acidity versus mineral acidity in throughfall [25] collected at 6.
7 selected stations of the network for monitoring of forest
ecosystems (RENECOFOR network: REseau National de'.
suivi a long terme des ECOsystéemes FORestiers). Such a
method is therefore useful to predict the influence of the8.
organic inputs to the chemical behavior of throughfall and
soil solution, using easily measurable parameters such as pP
and dissolved organic carbon (DOC). It would be particu-

larly interesting to use this method to study organic ricA0-

river waters (“Coca Cola” rivers) which play an important

role in the transfer of metals and to assess the relative impdt-

tance of anthropogenic mineral acidity inputs to forest soils
in the context of acid atmospheric pollution.
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