Soil Chemistry

Impacts of Sampling Dissolved Organic Matter with
Passive Capillary Wicks Versus Aqueous Soil Extraction
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abundance of fluorescence components in the region attributed to fulvic
acids. We conclude that difference in molecular properties of DOM derived
from laboratory ASE vs. PCap field collection of the same soils is attributable to

Kelsie LaSharr differential disturbance effects of the two methods of soil solution collection.
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ccurate analysis of DOM in soil solution is integral to critical zone sci-

ence because pore water DOM, a product of ecosystem C and nutrient

cycling, becomes a principal reactant in mineral weathering and aqueous
or surface complexation reactions (Chorover, 2012). Soil solution DOM can be
obtained by a variety of approaches such as in situ zero-tension and tension sam-
plers (Weihermiiller et al., 2007) or by performing soil extracts in the laboratory
(Swift, 1996). Methods that permit measurement of both DOM composition and
lithogenic solute flux are needed to quantify relations between DOM chemistry
and geochemical weathering. Soil solution samplers that are potentially useful to
determine such fluxes are in PCaps for which both the sample volume and the con-
tributing area are known (Brandi-Dohrn et al., 1996; Jabro et al., 2008).
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The PCaps extract soil solution from the vadose zone at a con-
stant tension that is directly proportional to the vertical length of
hydrophilic (silica-based) wick material. This wick material hosts
a hanging water column that hydrates the wick-solution interface
and extends into the pore domain of the fiberglass material where
event-based water transport largely occurs (Biddle et al.,, 1995;
Frisbee et al,, 2010; Holder et al., 1991). As such, the samplers re-
quire minimal maintenance and are cost effective for collection of
time-integrated samples in remote field sites. Solution held in the
soil at potential values less negative than that imposed by the de-
vice are collected continuously and collection stops when the soil
dries to the point where the gradient imposed by the sampler is less
negative than the soil matric potential at the wick-soil interface.
Potential disadvantages of PCap samplers are that installation may
introduce artifacts, such as creation of preferential flow paths, as

can occur with installation of many types of in situ samplers (Miro
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et al,, 2010; Peters and Durner, 2009). The extent to which sam-
ples thus collected are representative of a given field site depends
also on how effectively they sample field-scale heterogeneities in
water flow paths, hydraulic conductivities, etc. (Weihermiiller et
al,, 2006). One concern with tension samplers in general is that
they can impose unintended effects on potential distributions
within the water low domain (Mertens et al., 2007).

While virtually all sampling approaches pose potential soil
physical problems, fiberglass PCaps raise unique concerns with re-
spect to their sampling of solution chemistry because the reactive
fiberglass interface may affect sample chemistry delivered into the
collection carboy (Fig. 1). For example, prior studies have shown
that certain mineral colloids (e.g., ferrihydrite, feldspathoids,
montmorillonite, and kaolinite) are retained at the wick-water
interface leading to incomplete colloid recovery (Czigani et al,,
2005; Shira et al., 2006; Ilg et al., 2007). Goyne et al. (2000) com-
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| Fig. 1. (@) Passive capillary (PCap) design adapted to use only
|| acid washable parts and abstain from glues and sealants.
(b) The PCap installation under the sampling horizon using
turnbuckles. (c) The PCap sampler were installed in planar
(Pedon 1) and convergent (Pedon 5) sites. In situ and ex situ
soil solution for the comparison was obtained from Pedon 4.
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pared PCap samplers with zero-tension samplers at various depths
in a deciduous forest soil and showed increased pH, dissolved in-
organic C and alkalinity in PCap samples likely due to trace dis-
solution of the wick material. In addition to potential chemical
effects of the wicks themselves, sealants and glues often used in the
construction of the PCaps can also be problematic (Siemens and
Kaupenjohann, 2003).

The potential impact of fiberglass wicks (as an integral part
of the PCap design) on DOM chemistry has not been studied
in detail and so their suitability for this application is unknown.
Therefore, the first objective of this study was to test if collection
of water over fiberglass wicks changes DOM chemical character-
istics. For that purpose, fiberglass wicks were subjected to labora-
tory flow-through studies using a composite O- and A-horizon ex-
tract. Parameters pertaining to DOM chemistry including DOC
and TDN concentrations, specific UV absorbance (SUVA254),
fluorescence excitation-emission spectra, and Fourier Transform
Infrared (FTIR) spectra of the DOM solutions were monitored
in effluent solutions.

Although it is generally preferred to obtain soil solutions in
situ, if the research objective is to obtain a single-time measure of
pore water chemistry for a given location, point sampling of solid
phase material for subsequent laboratory-based ASE with deion-
ized water is often employed (Swift, 1996; Notario del Pino et al,,
2008; HurraB, and Schaumann, 2006). In this case, local perturba-
tions imposed on the soil between field collection and laboratory
extraction, including disruption of aggregates comprising mi-
crobe—-clay—organic associations, can potentially affect the extract-
ed soil solution chemistry (Fest et al., 2008). In addition, drying of
soils before extraction has been shown to impact extractable DOC
concentration and composition (Bartlett and James, 1980; Fest et
al., 2008; Kaiser et al., 2001) and soluble trace metal concentra-
tion/speciation (Koopmans and Groenenberg, 2011).

Despite the expected sensitivity of DOM quality toward
different disturbances that may be imposed by laboratory- vs.
field-based methods of soil solution extraction, it remains un-
clear whether DOM molecular properties will be differentially
affected. Since both ASE and PCaps are being used to obtain soil
solution chemistry datasets for a field-based study of C flux in
the Jemez River Basin Critical Zone Observatory (JRB-CZO),
the second objective of the current work was a comparison be-
tween DOM composition obtained from the same soils using
field-based PCaps vs. laboratory-based ASE.

EXPERIMENTAL AND FIELD METHODS
Passive Capillary Design and Preparation

The PCaps constructed for this study were adapted from ear-
lier published designs (Biddle et al., 1995; Holder et al,, 1991) with
modifications that have arisen from the dual goal of abstaining
from organic glues and sealants and using only acid washable parts
to minimize potential artifacts (Goyne et al., 2000; Siemens and
Kaupenjohann, 2003). Each PCap consists of a 30.5 by 30.5 cm
acid washed high density polyethylene (HDPE) sheet (1.9 cm
thick) with a 5.1-cm hole in the center into which is threaded a

common polypropylene elbow fitting. Eight additional holes were
drilled 1.2 ¢m from the outer boundary of the sheet as well as into
2.5 cm wide nylon strips so that the wicks could be fixed between
the sheet and the strips using nylon screws (Fig. 1a).

A 45-cm long PVC tube with an inner diameter of 5.1 cm was
inserted under the sheet using the push-on side of the elbow fitting
and fixed to a two-way push-on coupling on the other side of the
hose, connecting the PVC tube to a 5 L HDPE carboy. All connec-
tions were fixed with hose clamps for additional stability. A 2-m long
Teflon sampling line was then introduced through a small incision
in the PVC hose. Due to the thickness of the hose (1.2 cm) the inci-
sion was resealed after insertion of the samplingline and additionally
protected with high strength adhesive tape (Gorilla Tape).

Fiberglass wick material was obtained from Pepperell and
Braiding Co. (no. 1381, Pepperell, MA) and cleaned according
to the procedure described in Goyne et al. (2000). Wicks mea-
suring 70 cm in length were first combusted at 400°C for 4 h
(Knutson et al., 1993), washed with a phosphate-free dilute de-
tergent and rinsed several times with ultrapure water (resistiv-
ity 18.2 MQcm™1). Acid washing in 10 mM HCI was repeated
twice, followed by daily rinses with ultrapure water using a flow
through system until electrical conductivity (EC) and pH stabi-
lized after several weeks.

According to Goyne et al. (2000), the appropriate number
of wicks for each PCap was calculated based on Eq. [1]:

(KSal woil )(Plate area) [1]

Number of wicks =
(KS:u W\ck) (chk

The plate area of the PCap is 7.8 E-02 m?2, the wick saturat-
ed conductivity (K, . 1)
arca for one wick is 1.27 E-04 m?. For this field site, 10 wicks are

is 1E-02 m s~1 and the cross-sectional

used to match a soil K of 1.6E-04 m s~1. The pore volume for
cach PCap is approximately 400 mL.

Field Installation and Sampling

The field site is part of the JRB-CZO located in the
Valles Caldera National Preserve (VCNP), northwest of
Albuquerque, NM. On the south side of the largest resurgent
dome (Redondo dome), a zero order basin (ZOB) within the
larger LaJara catchment was instrumented in September 2010
with a range of aboveground and belowground sensors and
sampling devices (Chorover et al., 2011). Three PCaps were
installed as a function of depth (targeting O, A, and B hori-
zons) in each of six excavated soil trenches as a principal ap-
proach for obtaining in situ soil solution. Wick-covered plates
were inserted in excavated side windows and elevated to make
contact with the overlying horizon using turnbuckles (Fig. 1b).
The soil, classified as Vitrandric Haplustoll (Soil Survey Staff,
2011) has a loamy texture with ~ 25% clay, 36% silt, and 39%
sand fraction. Total organic C is 234 g kg™! in the O horizon
(0-5 cm) and 51 gkg™! in the A horizon (5-18 cm) and miner-
alogy is comprised predominantly of quartz, muscovite, albite,

K-feldspar, kaolinite, and clinoptilolite.
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18

PCap
sample 5
3 May 2011
post-snowmelt
4402.9
538.2
8.18
2.1
1.36

18

PCap
sample 4
27 Apr. 2011
late snowmelt
8013.8
1249.1
6.42
2.4
1.37

18

In situ PCap
PCap
sample 3
18 Apr. 2011
mid snowmelt
1232.5
172.4
7.15
16.53/19.5

2.3
2.6/0.4
1.37
1.35/0.02*

18

PCap
sample 2
11 Apr. 2011
mid- snowmelt
1360.1
252
5.40
3.1
1.33

18

PCap
sample 1
4 Apr. 2011
mid- snowmelt
96.3
1.7
55.52
3.2
1.34

0-20

ASE 4

24 June 2011

pre-monsoon
5.65
1.02
5.53
10.8
1.18

0.05).

0-20
t DOC, dissolved organic carbon; TDN, total dissolved nitrogen; SUVA, s, specific ultraviolet absorbance.

ASE 3
27 Apr. 2011
late snowmelt
21.72
2.11
10.30
3.6
1.14

ASE
46.39/66.6
5.1/3.5
1.17/0.03*

0-10
4 Apr. 2011
mid-snowmelt
7.92
0.05
161.63
4.4
1.15

ASE 2

0-10
3 Nov. 2010
post-monsoon
9.84
1.21
8.11
1.4
1.21

ASE 1

and analyses

Table 1. Sampling dates and depths and organic matter (OM) analysis results on passive capillary wick sampler (PCap)-aqueous soil extract (ASE) comparison. Samples obtained
Sampling parameters

concurrently are ASE 2 and PCap 1 (4 Apr. 2011) as well as ASE 3 and PCap 4 (27 Apr. 2011, marked in bold italic).

* Parameters showing significant differences at the 95% confidence interval (p

SUVA,5,, Lmg™ Cm™

Avg/SD

Sampling date
Fl

Depth, cm
Season
DOCHt, mgL™!
TDN, mglL™"
DOC/TDN
Avg/SD
Avg/SD

Water and DOC fluxes for snowmelt period 2011 were deter-
mined for two distinct PCap locations, Pedon 1 and Pedon S, which
are situated in planar and convergent hillslope locations, respectively
(Fig. 1¢). Flux values for DOC were determined by taking the prod-
uct of water mass (kg) and DOC concentration (mgkg™!) for each
sampling date, summing these products across all sampling dates
over the snowmelt period (April through May 2011), and normal-
izing the result to the cross-sectional area of the wick sampler plate.
For the PCap-ASE comparison, a PCap on the E-facing slope of
the ZOB was sclected (Pedon 4) providing soil solution samples
from 18-cm depth with a constant tension of around 30 c¢m. The
PCap samples from Pedon 4 were collected five times during the
2011 snow melt in April (Table 1). Samples were filtered through
combusted 0.7 pm glass fiber filters (GF/F, Whatman, Alameda
Chemical & Scientific Inc., Oakland, CA) into acid washed HDPE
bottles and transported in cool conditions (~4°C) to the laboratory
within a maximum of 2 d after sampling. At selected time points,
soil adjacent to the PCap was augered and composited to provide
a depth integrated sample between 0 and 10 or 20 cm (Table 1).
Because soil water availability in this semiarid site is limited to snow-
melt and infrequent rainfall events, it was not possible to obtain
PCap samples throughout the year, but two PCap and ASE sample

sets were concurrent and allow for direct comparison.

Flow-Through Experiment

Cleaned, ultrapure water-saturated wicks were cut to 10-cm
length and mounted in triplicate into acid washed and com-
busted glass columns of 14-cm length and 1.5-cm diam. Ashless
Whatman 41 filters were cut to size and inserted at the column
outlet to prevent particles larger than 20 um from leaving the
columns. Continuously stirred OA-horizon extract or an ultra-
pure water blank were supplied at a constant rate of 36 mL h~!
through acid washed PTFE tubing that delivered solutions
drop-wise on to wicks. This mode of infiltration was chosen
over direct pumping of effluent in a closed system to simulate
unsaturated flow in the vadose zone and to reproduce realistic
wick flow velocities. Effluents were collected into acid washed,
combusted glass vials with an ISCO Foxy 200 fraction collec-
tor every approximately two wick pore volumes (PV). Each of
three infiltration cycles of 3.5 h duration was interrupted by a
24 h stop flow period to simulate infiltration events. The wicks
were not allowed to dry completely but drained gravitationally,
losing approximately 3% of solution, to simulate field conditions
between events. The feed solution was sampled daily, analyzed
for the same analytes as the effluents, and means with standard

deviation of chemical parameters are reported.

Aqueous Soil Extracts

Aqueous soil extracts of the O and A horizon (sampled
as composite and referred to as OA) were used both for the
comparison between PCap and ASE performance as well as the
experimental solution for the flow-through experiment. Before
extraction, soils were sieved field-moist to obtain the <2-mm

fraction. Subsamples were oven dried for 24 h at 105°C and re-
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sulting change in mass was used to calculate gravimetric water
content. The field moist equivalent of 100 g of dry OA-horizon
soil was then added to 1 L HDPE bottles and 500 g of ultrapure
water were added to obtain a soil/water mass ratio of 1:5. The
bottles were capped tightly and placed on a shaker at 180 rpm
for 1.0 h. Suspensions were then centrifuged (7000 RCF for 30
min), before supernatant solutions were filtered through com-
busted 0.7 pm glass fiber filters and stored at 4°C in combusted
60-mL amber glass bottles before use in wick flow-through ex-
periments or analysis. The soil extract used for the flow-through
experiment was prepared <24 h before initiation of the experi-
ment. The extract was diluted to give a about 6 mg L1 TOC
concentration and stored at 4°C in a 2.5-L acid washed glass
bottle wrapped in aluminum foil to shield from light.

Chemical Analysis

Dissolved organic C and N were determined by catalytic
oxidation at 720°C followed by infrared and chemilumines-
cence gas detection using a Shimadzu TOC-VCSH with a
TNM-1 N measuring unit (Shimadzu Scientific Instruments,
Columbia, MD). Dissolved inorganic C was degassed before-
hand by purging pre-acidified (pH 2) solutions. Samples for UV-
visible spectroscopy (UV-vis) were placed in pre-rinsed 1-cm
quartz cuvettes. The UV-vis absorbance spectra (250~ 665 nm)
were collected using a Shimadzu 2501PC UV-vis spectrometer
(Shimadzu Scientific Instruments, Columbia, MD). The specific
UV absorbance (SUVA,5,) was calculated by dividing absor-
bance at incident wavelength 254 nm by the cell path length (1
cm) and DOC concentration (mg L=1). All samples were dilut-
ed as needed to give an absorbance below 0.3 at 254 nm. This
dilution allowed for proper correction of the inner-filter effect
(Ohno, 2002; Miller et al., 2010).

Fluorescence excitation-emission matrices (EEMs) were
collected with a Fluoromax4 (Horiba Jvon, Irvine CA) at S nm
increments over an excitation (Ex) range of 200 to 450 nm and
an emission (Em) range of 250 to 650 nm. Water blank EEMs
(resistivity: 18.2 MQcm™!) were subtracted and fluorescence in-
tensities were normalized to the area under the daily collected
Raman peak at excitation 350 nm, and inner filter correction
was performed based on the corresponding UV-vis values (Cory
and McKnight, 2005). Two parallel factor analysis (PARAFAC)
models were run to analyze the fluorescence excitation emis-
sion matrix data and assign PARAFAC components that can be
linked to DOM characteristics. An original PARAFAC model
was developed from 381 sample EEMs from JRB-CZO stream
waters, soil solution and precipitation on machine uncorrected
EEMs to include the region of Ex below 250 nm where important
protein-like and fulvic acid (FA)-like fluorescence occurs (Chen
etal., 2003). For this, the DOMFluor toolbox in Matlab was ap-
plied and the protocol of Stedmon and Bro (2008) was followed.
Four unique components (C) were identified and validated and
are indicated here as C1 (Ex 200- 250, Em 255~ 415, region of
“FA-like” fluorescence); C2 (Ex 200- 230, Em 250~ 415, region
of “protein-like” fluorescence); C3 (Ex 210- 270, Em 250~ 455,

region of “FA-like” fluorescence) and C4 (Ex 230- 450, Em
325- 585, region of “humic acid (HA)-like” fluorescence). The
regions were assigned after Chen et al. (2003). The second model
was developed by Cory and McKnight (2005, referred to as CM
model) and was fitted to instrument-corrected EEMs. This mod-
el does not include fluorophores in the region below Ex 250 and
Em 350, but has a higher resolution for fluorophores above this
region, thus complementing the original PARAFAC model. Six
out of the 13 Cory and McKnight (2005) components (CM)
were found abundant in the soil solutions: CM-1 and CM-3
(unknown components), CM-4 (“reduced hydroquinone”),
CM-5 and CM-7 (“reduced quinone”) and C-11 (“oxidized qui-
none”). To facilitate comparison of PARAFAC components of
the original and the CM-model, the components are displayed in
the EEM space (Fig. 2a and 2b). From non-instrument corrected
EEM data, fluorescence index (FI) values were calculated (FI =
Em 450/Em 500 at Ex 370 nm, (McKnight et al., 2001)).

The FTIR spectroscopy was used to characterize the molec-
ular structure and functional group chemistry of DOM. Spectra
were recorded using a Nicolet 560 Magna IR Spectrometer
(Nicolet, Madison, WTI) equipped with CsI beam splicter and
a DTGS detector. For sample introduction, 1.0 mL of each
DOM sample was deposited onto a Germanium (Ge) transmis-
sion window (used because of its transparency to infrared [IR]
incident radiation across a wide wavenumber range) and dried
under vacuum overnight. All spectra were obtained by averaging

400 scans at 4 cm™!

resolution over the spectral range of 4000 to
400 cm~L. The dry, clean Ge window was consistently used for
background correction. Data collection and spectral processing
were performed using the OMNIC program (Thermo Nicolet
Co., Madison, WT). Spectral analysis, including peak deconvolu-
tions and integrations, were performed using the GRAMS/AI
Spectroscopy Software Suite (Thermo Scientific, Waltham, MA).
Sample splits were filtered through a nylon membrane (0.45 um)
and analyzed for Si by inductively coupled plasma mass spec-

trometry (ICP-MS) (ELAN DRC-II, PerkinElmer, Shelton CT)
to monitor for any dissolution of fiberglass wick material.

RESULTS
Dissolved Organic Matter Solution Flow-
Through Experiment

Dissolved Organic Carbon and Total

Dissolved Nitrogen

The DOC and TDN concentrations of the feed soil solution

as well as efluent solution (after percolation through the fiberglass
wicks) are shown in Fig. 3a. Dissolved organic C concentration
of the first effluent solution averaged 3.9 mg L~! and were nota-
bly lower than that of the influent solution (ranging from 5.7-
6.4 mgL~1). This can be attributed principally to dilution by water
pre-existing in the wicks before DOC infiltration. Over the course
of the first and second infiltration events, efluent DOC concen-
trations showed a steady increase but remained within or close to
the range of influent DOC concentrations. Although stop-flow
did not affect effluent DOC concentrations after the first infil-
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application, Fig. 3c), as opposed to an
average of 1.14 during the rest of the
run. With the exception of the high FI

values in the first efuent, all FI values

were in the range of the feed solution
(1.12-1.18). The PARAFAC analysis
of fluorescence EEMs on feed and ef-
fluent solution are shown in Fig. 3d
and 3e. For the original PARAFAC
model, the component with highest
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Fig. 2. Excitation Emission intensity of parallel factor (PARAFAC) components in raman units of (a) an original
model and (b) the Cory and McKnight (2005) model with regions as assigned by Chen et al. (2003).

tration cycle, a drop in DOC concentrations was measured at
approximately 47 PV corresponding to the start of the third infil-
tration event, after which concentrations increased again to reach
influent values. Total N concentration of the first efluent solution
also showed a dilution effect followed by steady-state release over
the first infiltration cycle. The TDN concentrations were always
within the range of influent solution concentrations and presented
a steady effluent pattern over the course of the experiment. The ex-
ception was the occurrence of high effluent concentrations at the
beginning of the second infiltration event.

Ultraviolet-vis, Fluorescence, and Fourier
Transform Infrared Spectroscopy
The evolution of SUVA,¢, and FI values during the flow-
through experiment are shown respectively in Fig. 3b and 3c.

e o abundance in both feed and effluent
solutions was C-1 (Fig. 3d). Influent
C-1 (FA-like) abundance averaged
0.53+0.01 and effluent C-1 abun-
dances, ranging from 0.5 to 0.54, were
close to feed solution abundances. The second most abundant
component was C-3 (also FA-like), whose EEM-derived pro-
portion of the feed solution averaged at 0.29+0.04. This vari-
ability was even greater in the abundance of effluent C-3, rang-
ing from 0.20 to 0.36. The “protein-like” component C-2 feed
abundance averaged 0.13£0.06, and effluent showed a broad
range from 0.05 to 0.25. The least abundant component was
C-4 (HA-like). This component showed a more narrow range
in effluent abundances (0.02-0.08). Feed concentration av-
eraged at 0.05+0.02. Results for the abundance of the CM
model components are shown in Fig. 3e. The most abundant
component was CM-3 (unknown fluorophore) with an aver-
age of 0.55, followed by CM-1 (unknown fluorophore, aver-
age 0.2+0.01), CM-4 (hydroquinone-like, average 0.1+0.01),
CM-11 (oxidized quinone-like, average 0.04) CM- 7 (reduced

2024

Soil Science Society of America Journal



- --- TOC feed A TOC effluent
a) b) oeffluent c) Oeffluent
TN feed ¢ TN effluent 14 -
8 -5 14
7 =
= 6 f= ks b ==t £V o 3
| a [ — O 1.2 o
o L <
E® 35 2 - HFogontgtgo g
g 4 ; £ 3
z> =
T3 ® 2k E 1.0
>
2 oot VlooPosfond f 3
140
0 - , : : L o 4 1 : : —— 08 ; ; —
0 20 40 60 0 20 40 60 0 20 40 60
PV
PV PV
A CM-1 s+ CM-3
CM-4 A CM-5
f gg ° 8:‘21 a CM11  eeee- CM-1 feed
CM-3 feed CM-4 feed
d) i 8:1 ;zzg C-2 feed e) CM5feed  —mme- CM-11 feed
c 07 - 5 067
S g
5 06 - S 05
= QuuG e B om =
o5 | P oS 4 000 S g4
2 04 g
g o S 0.3 -
5 ® ® - o
3 0.3 1--,._.-.. _______ 0000 ©_ ¢ o
2 J L 0.2 AMMAA- NN - oaa A- A
E(L 0.2 + ° é
o E 0.1
E 01 _‘QI“.A_+._“,_ _‘lm.._l ' - === -
0.0 : LS : 3 00 ‘ ‘ :
0 20 40 60 0 20 40 60
PV PV

Fig. 3. Feed and effluent values for (a) total organic carbon (TOC) and total nitrogen (TN), (b) specific ultraviolet absorbance (SUVA,;,), (c)
fluorescence index (Fl), (d) parallel factor (PARAFAC) component abundances, and (e) for the Cory and McKnight (CM) model. Mean values of feed
solutions are indicated by dotted horizontal lines and respective standard deviations are highlighted in gray. Vertical lines indicate 24 h of stop flow.

quinone-like, average 0.04), and CM-5 (reduced quinone-like,
average 0.03). No variation in feed solution concentration was
observed and all effluent component abundances matched
those of the feed solution. The only exception was the abun-
dance of CM-1 in the feed solution, which was 0.19 and thus
3.6% lower than that of the effluent solution. Stop flow did not
affect the abundances of PARAFAC components.
Transmission FTIR spectra of the feed
solution, the first three efluents as well as 3
the water blank are shown in Fig. 4. Several 6PV
IR bands are represented in all spectra
in the region 1700 to 1250 em™!, where 4PV
amide and carboxylate vibrations occur.

However, due to the low intensity and poor

2PV

signal/noise ratio in the region, these bands

absorbance

could not be unambiguously assigned. All
spectra showed a dominant band at 1010
cm™!with a shoulder at 1084 cm™, except
for the spectrum of the first effluent (2 PV) AN

----------- \ -
~~~~~~~~ T T TN R RPPT oot g 1Y
T

however, since Si-O stretching also occurs at 1080 cm™! (Smide
and Meissl, 2007; Farmer, 1974), increased intensity of that peak
in early pore volumes can signal wick silica dissolution. That the
latter contributes is substantiated by Si effluent values that spike
in the first PV after re-application of flow (up to 15.8 mg L_l),
but much less Si release occurs during pseudo steady-state flow
(~1.3mg L-h).
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where the band at 1084 cm™! predomi-
nated. The two bands are consistent with
the stretching of phosphodiesters (C-O-P)
and polysaccharides (C-O-C, C-O), re-
spectively (Omoike and Chorover, 2006),

2400 2000

1600 1200 800 400
wavenumber cm-1

wavenumber cm-1

Fig. 4. (a) Fourier Transform Infrared (FTIR) absorbance spectra for the water blank (W), the
feed solution (feed) and the first six pore volumes (PV). (b) Magnification of bands showing
differences between the first 2PV and all other effluents.
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a 0C-10C-21C-3 mC-4 b 06 - 0oC-1o0C-2mC-3 mC-4
. n .

0.6 = n=5 > CM-5 (reduced quinone-like, Fig. Sc) and
* in the order CM-3 > CM-1 > CM-4 > CM-5
5 1 §_ " > CM-7 for the PCap samples (Fig. 5d). The
g0-4 1 l g0.4 - [ ASE samples had a significantly lower abun-
E [ :é T dance of CM-1, a higher abundance of CM-7
g g J_ \ and the only occurrence of C-11 (this compo-
202 - J g0.2 - nent was not detected in PCap samples).
3 8 The FTIR spectra of ASE and PCap
samples collected from (ASE2 and PCapl) are
0.0 0.0 shown in Fig. 6. Spectra for both sample types
ASE PCap showed a broad phenolic hydroxyl stretch-
c OCM-1 TCM-3 q OCM-1 ©ECM-3 mCM-4 ing band in the region 3330 to 3170 cm™!
06 - :8%:? 8%:?1 06 - ECM-5 mCM-7 ECM-11 (Table 2) as well as high intensity bands for
T ; n=3 . n=3 asymmetric (ca. 1600 cm™!) and symmetric
(ca. 1400 cm™!) stretching of carboxylate.
504 - 0.4 - Bands at approximately 1430 cm™! (amide ITI),
3 5 1030 cm™! (polysaccharides and phosphodi-
o o * -1 ;
= = ester) and below 900 cm™ (aromatic C-H as
§0_2 | * §0.2 | well as inorganic metal-O stretches) were like-
8 * % g wise present in both spectra. The principal dif-
§ § ** s ferences between the spectra were greater O-H
0.0 m 0.0 stretching abundance (3330-3170 cm™!) in
ASE the PCap solutions, and greater intensity of ali-

Fig. 5. Abundances of parallel factor (PARAFAC) components in aqueous soil extract (ASE) and
passive capillary wick samplers (PCaps). *Components showing significant differences at p =

0.05, ** components showing significant differences at p = 0.01.

Comparison Between Field Passive Capillary
Samples and Aqueous Soil Extraction

The DOC and TDN concentrations of ASE and PCap sam-
ples are given in Table 1. Since concentrations in the aqueous soil
extracts depend on the mass ratio of soil to ultrapure water used
during the extraction, the DOC/TDN ratio is also displayed to
facilitate comparison. Samples were collected during both snow-
melt and summer monsoon periods of the water year. The DOC/
TDN ratios for both sample types were very high for the mid-
snowmelt samples. Compared to those values, monsoon period
samples were up to 30 times lower for ASE and 10 times lower
for PCap samples. The SUVA, 5 values showed a higher vari-
ability in ASE than PCaps (Table 1). Fluorescence index values
showed small variations between snowmelt and post-monsoon
samples for ASE but were consistently lower than those for PCap
samples (p = 0.05). The abundance of original PARAFAC com-
ponents for both sample types is displayed in Fig. 5. Component
C-1 (FA-like) was most abundant in ASE, followed by C-2 (pro-
tein-like) > C-3 (FA-like) > C-4 (HA-like). In PCap samples
the component fractions covered, on average, a narrower range
from 0.31 (C-2) to 0.19 (C-3, Fig. 5b). The principal apparent
differences between the sample types was, therefore, the abun-
dance of C-1 and C-4, but only C-1 abundance was significantly
different (p = 0.05). The abundances of the CM components
in ASE decrease in the order CM-3 (unknown fluorophores) >
CM-1 (unknown fluorophores) > CM-4 (hydroquinone-like) >
CM-7 (reduced quinone-like) > CM-11 (oxidized quinone-like)

PCap

phatic C-H stretching (2970 and 2935 cm™)
in ASE solutions. Also, bands below 900 cm ™1
were of higher intensity in PCap solutions. The
peak intensity ratio of hydroxyl to carboxylate
(symmetric plus asymmetric) stretching was 1.3 and 3.9 for ASE 2
and ASE 3, respectively. These values were significantly lower than
corresponding ratios for PCap 1 and 4 solution samples collected
at the same time from the same soils (5 and 4.8, respectively).

Water and Dissolved Organic Carbon Fluxes
During Snowmelt 2011

The fact that precise hillslope location of PCap installation af-
fects total water and C flux determinations is exemplified by mea-
surement using PCaps installed in the field-site pedons in planar
(Pedon 1) vs. convergent (Pedon 5) hillslope positions (Fig. 1c).
Hence, as discussed in the introduction, soil physical and land-
scape parameters strongly impact field-based results. Data show
a decrease in water and C flux with increasing depth at the pla-
nar site, whereas in the deepest depth for the convergent site, an
increase in water and C flux is observed, presumably because of
convergent flow regimes that deliver lateral flow at depth in Pedon
5 (Fig. 7). These data are included here simply to show the utility
of PCaps for estimation of DOC and water flux in complex land-
scapes, and to highlight the fact that field site location of PCap
installation can significantly influence the results obtained.

DISCUSSION
Experimental Constraints on Dissolved Organic
Matter-Fiberglass Wick Interaction

The laboratory flow-through experiment was conducted to

test whether interactions between influent DOM and wick ma-
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terial affecc DOM molecular properties during transport along
the wicks. Chemical processes occurring during water infusion to
wicks that have been observed in previous studies include (i) sol-
ute release via wick dissolution (Goyne et al., 2000) or other PCap
parts (Siemens and Kaupenjohann, 2003) and (ii) the retention
of solutes/colloids onto the wicks (Czigani et al., 2005; Shira et
al,, 2006). Preferential sorption of specific dissolved organic com-
pounds (i.e., fractionation) constitutes an additional process that,
due to the heterogeneous nature of DOM, may impact the utility
of PCaps for this aspect of critical zone research. Release of organic
solutes from the wicks would translate into higher efluent concen-
trations compared to the feed solution. Neither TDN nor DOC
showed this behavior (Fig. 3a and 3b) confirming that the pre-
treatment of the wicks successfully removes any potential wick-
derived organic C, as suggested already by Knutson et al. (1993).

However, FTIR spectra collected on the first two PV showed
a difference in intensities of bands at ~1080 and 1010 cm™! com-
pared to the feed solution and subsequent PVs (Fig. 4b). Bands
in this region result from stretching of phosphodiesters (C-O-P)
and polysaccharides (C-O-C, C-O). However, Si-O stretching
also occurs at 1080 cm™! (Smidt and Meissl, 2007; Farmer, 1974)
and thus the unusual strong band at ~1084 cm™! in the spectrum
of the first effluent can be attributed to inorganic Si-O stretch-
ing of silicic acid resulting from glass dissolution. The decreased
intensity of this band in the 4 and 6 PV collections (Fig. 4) is
consistent with progressively decreasing Si release to steady state
carly in the experiment. A pulse-like release of Si is further in-
dicated by Si effluent values that spike in the first PV after re-
application of flow (up to 15.8 mg L~!) but less Si release during
pseudo steady state flow (~1.3 mgL~1).

Solute sorption would be evidenced by lower values in ef-
fluent compared to feed solution. While sorption of mineral col-
loids (clays, iron oxides, silicon, and feldspathoids) on fiberglass
wicks has been reported in experimental studies (Czigani et al.,
2005; Shira et al., 2006), DOM sorption has not yet been in-
vestigated. Some sorption of DOM may contribute to the lower
DOC concentration in effluent relative to feed solutions during
the first infiltration cycle (Fig. 3a). However, pure water present
in the wick material also led to decreased DOC concentrations
in the first PV suggesting that this effect is likely a result of
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Fig. 6. Fourier Transform Infrared (FTIR) absorbance spectra with
deconvoluted peaks for synchronous passive capillary wick (PCap)
and aqueous soil extract (ASE) samples.

effluent are consistent throughout the experiment, the trend in
SUVA, s, values is informative. The SUVA, 5, showed a repeated
pattern of low values in the first efluent PV following stopped-

dilution and that sorption does not significantly affect efflu- Table 2. Band assignment based on Swift (1996)t, Senesi et al.

ent DOC sample concentration.
Prior studies have shown preferential sorption of aro-

(2003)¥, and Farmer (1974)8§.

Band Assignment

matic DOM, primarily on hydrous metal oxide mineral sur-

faces and much lower sorptive affinity in general for silica sur-  3080-3490  OH stretch of phenolic OHt
faces (Chorover and Amistadi, 2001; Feng et al., 2005; Kaiser 2900-2850  Aliphatic C-H stretchingt,+

1690

1630-1640 C = O of amide groups (amide 1) and quinone ketones#
al, 1999). The SUVA, 5, a surrogate for DOM aromaticity ¢

(Weishaar et al., 2003), was slightly higher in both the feed 1427

and Guggenberger, 2003; Kaiser and Zech, 1997; Meier et

Carbonyl vibrations of carboxyl groups, aldehydes, and ketones#

Asymmetric-COO™ stretch, aromatic C = C stretcht
C-N stretching of primary amides (amide I1D)#

and effluent than is generally reported for surface water sam-  1390-1410 Symmetric COO-stretch

plcs for which the index was initially dcvelopcd. This could 1360 Symmetric—-COO-stretch and/or-CH bending of aliphaticst
T . . . . 1100-1125 C-OH stretching of aliphatic OH#
indicate the interference of other light-absorbing material i -

1080 Si-O of silicates*

such as Fe or nitrate or simply that soil extracts have higher 720 1010
SUVA,s, values. However, since the values for the feed and  9p0_00

C-O stretching of polysaccharides, phosphodiesters (C-O-P)§
Out of plane bending of aromatic C-H#
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Whereas FI provides a ratio of fluo-
rescence intensities at two distinct wave-
lengths, PARAFAC analysis of the full
EEM provides additional insight into sorp-
tive fractionation that may be leading to
differences between EEMs of feed and efflu-
ent solutions. Importantly, however, no sys-

tematic change in PARAFAC component
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60 80 abundance is evident from the data (Fig. 3d

and 3e). This is consistent with relatively mi-
nor sorptive DOM fractionation effects of
the wicks, and suggests that fiberglass wick
PCaps can be used with minimal negative

impact for quantitative collection of DOM
solution from pore water in situ before sub-
sequent qualitative spectroscopic analysis.

1 The TDN concentrations were always

in the range of feed TDN concentrations and
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Fig. 7. Data on water and C flux as calculated for two pedons each equipped with three passive
capillary wick (PCap) samplers. Results are plotted as a function of PCap plate installation depth

and integrate the snowmelt 2011 period.

flow, consistent with preferential sorption of UV-absorbing moi-
eties, followed by high values in subsequent PV before a stabiliza-
tion with intermediate SUVA, s 4 values (Fig. 3b). The depression
of SUVA, s, values following each stop flow event indicates that
this effect is somewhat persistent, perhaps because of the produc-
tion of new sorption sites during the 24 h stop-flow period, trans-
formation of the wick surface material, and/or re-organization of
sorbate fractions. Higher SUVA, 54 values in subsequent PV indi-
cate the desorption of UV-absorbing, putatively aromatic, DOM.
Hence, the wicks appear to retard slightly the transport of more
aromatic OM fractions via sorption. Overall, however, SUVA25 4
values do not deviate significantly from the feed solution, indicat-
ing that the overall fractionation effects are minor.

Like SUVA,q, FI values provide an indication of DOM
fractionation during transport along the wick surfaces. The FI
values increased at the beginning of each infiltration cycle (Fig.
3c) and decreased subsequently to within the range of feed solu-
tion. The FI is an important DOM parameter since it is used for
DOM sourcing (e.g., microbial vs. plant-derived DOM) based
on the observation that microbial DOM is relatively depleted in
lignin-derived polyphenols and a change in FI of 0.1 or more is
considered significant (McKnight et al., 2001). Since SUVA 5,
values decrease for the same initial samples for which FI is elevat-
ed, we interpret the higher FI values to be the result of sorptive
retardation of aromatic polyphenols. Another possibility that
cannot be excluded is that solute release from fiberglass dissolu-
tion quenches DOM component fluorescence through DOM-
solute molecular interaction (Lakowicz, 2006). If intermolecular
association were to lead to a blueshift in the EEM, the FI could
be likewise affected.

—— - with the exception of high TDN concentra-
1000 1500 tion in the second infiltration cycle, TDN
effluent concentrations were steady, suggest-
ing that TDN moves conservatively through
the wicks. The origin of the spiking effluent
TDN concentrations is however unclear.
Care must be taken when translating lab-
oratory results to the field scale. The experimental DOM solution
was derived from an aqueous soil extraction that may or may not be
fully representative of solutions percolating through field soil (also
see next section) and this could impact results. For example, if in situ
soil solution contains more or less aromatic OM than that used in
the experiment, the relative impact of sorptive fractionation could
potentially be affected. Nonetheless, based on the results of the
current experiment, OA-horizon DOC concentrations measured
using PCaps can be assumed to be representative within 5% error.
The TDN concentrations are representative with a 2% error (when
apparent outliers are excluded). The SUVA, s, shows variations im-
posed on effluent solutions on the order of 3 to 8%, depending on
the flux associated with a given sampling event (higher error is ex-
pected for smaller events). Fluorescence index data suggest similar
magnitude of potential error in that parameter for field collection,
whereas PARAFAC analysis of fluorophores active below Ex 250
and Em 350 may be slightly more impacted (ic., within 5% of the
true values for all components) than fluorophores active above this
region. The FTIR analyses from PCap samples are considered repre-
sentative of pore water solutions, but investigators should be aware
that Si-O stretching from soluble silica (which can of course derive
from natural soil solution or from the fiberglass wicks themselves)

may interfere with carbohydrate bands deriving from DOM.

Comparing Passive Capillary Wicks and Aqueous
Soil Extraction

In respect to comparing PCaps to other methods of soil
DOM collection, potential interaction between the fiberglass
wicks and soil solution is one potential shortcoming of the for-
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mer. However, the above-presented results indicate that DOM
moves conservatively through the wicks. We contend, therefore,
that fiberglass wick PCaps provide an accurate representation of
soil DOM mobile in pore waters and can be used for the purpose
of DOM collection from the unsaturated zone in field sites, and
as a standard against which laboratory ASE can be compared.
The ASE methods are commonly employed to obtain informa-
tion about soluble DOM constituents (Swift, 1996) but destruc-
tive sampling of soil before laboratory extraction is likely to in-
duce disturbances and a number of studies addressed the impact
of specific procedures. Also, while parameters such as extraction
solution, pH, and solid/liquid ratio are known to affect extracted
solute concentration (Fest et al., 2008) it is still difficult to predict
precisely how ASE extracts differ from solutions sampled during
percolation through the soil. In the present study, we used the ap-
proach of comparing in situ PCap samples with ASE performed
on soils collected at the same location and time, to elucidate the
effects of disturbance and laboratory extraction on specific pa-
rameters used to characterize DOM.

The observation of higher variability in the ASE DOM
parameters than in the PCap samples can be attributed, in part,
to seasonal effects impacting DOM characteristics (Kalbitz et
al,, 2000) and the fact that that not all ASE sampling dates also
yielded PCap samples from flowing solutions. Therefore, we limit
further discussion to those samples for which ASE samples and
PCap solutions were taken in the same sampling campaign, and
for which direct comparison is most valid. However it needs to be
stated that due to the small sample number these results represent
trends whose statistical significance is unclear, but that nonetheless
provide direction for future studies. Results indicate no consider-
able difference between PCap samples and ASE for a number of
parameters such as the TOC/TN ratio or SUVA,, (Table 1).
However, SUVA, 5, values for PCap samples land 4 were 25 to
30% lower than the corresponding ASE samples, indicating a low-
er concentration of UV-absorbing moieties, and suggesting greater
aromaticity of ASE relative to PCap DOM, even after accounting
for a potential error of 5% as discussed above. Likewise, higher FI
values were observed for the PCap relative to ASE DOM samples,
also consistent with a higher proportion of lignin-derived phenols
in the latter. According to the flow-through experiment results, FI
in PCap samples may be overestimated by 3 to 9%; however, even
after applying this correction, PCap FI values remain substantially
higher than the ASE values. Hence, both SUVA, 5, and FI values
are consistent with laboratory ASE yielding more aromatic DOM
than PCap sampling in the field.

Differences in PARAFAC component fits to the two sam-
pling procedures were also significant in that ASE solutions
showed greater abundance of C-1 region (FA-like in the origi-
nal PARAFAC model) as well as CM-7 and CM-11 (of the
Cory and McKnight (2005) model) than did PCap solutions.
In contrast CM-1 in the ASEs was found to have lower abun-
dances than in PCap samples. Although it is difficult to assign
specific structural characteristics to the mixture of fluorophores
(and even more difficult to PARAFAC components), the trend

in SUVA,, and FI suggests that PARAFAC component C-1
may be related to aromatic FAs. Most components of the CM
model are already well constrained and the results indicate that
ASE yield both higher abundance in “reduced” (CM-7) as well
as oxidized quinone-like fluorescence (CM-11).

In contrast to the UV-Vis and fluorescence spectroscopy
results, FTIR spectral deconvolutions showed lower (phenolic)
hydroxyl/carboxylate intensity ratio for ASE relative to PCaps
which would seem to contradict the asserted higher proportion of
aromatic DOM in the case of ASE. However, this apparent con-
tradiction may be explained, in part, by the higher abundance in
PCaps of C-4 (HA-like) fluorescence (Fig. 5), which could be an
important source of the phenolic hydroxyls that are prominently
represented in the FTIR spectra (Fig. 6), and also the fact that con-
tributions to O-H stretching in the FTIR spectra can derive from
alcoholic OH, in addition to H,0, and N-H stretching.

While the presented data confirms that fiberglass wicks in
PCaps do not significantly alter DOM solution, it is important to
point out that soil physical constraints imposed by PCap design
(e.g., tension imposed at soil-PCap interface) can impact the sam-
pled solution. In addition to the sampler tension, pit excavation
and installation of the samplers constitute a disturbance wherein
preferential flow paths can be created (Weihermiiller et al., 2007).
Numerical analyses have shown that flow can be disturbed by the
device itself and specific designs have been proposed to minimize
these effects (Mertens et al,, 2007). Such perturbations can lead
to a situation where the sample may not be representative of the
soil solution targeted for isolation. While the present study lim-
its itself principally to elucidating the impacts of PCaps on soil
DOM chemistry, we also highlight the role of field heterogeneities
by showing how the choice of hillslope sampling location affects
quantitative results pertaining to C and water flux (Fig. 7). Hence,
the influences of (i) soil landscape properties and (ii) potential
installation-induced changes in local soil physics of a given field
system are considered equally important in terms of sampler evalu-
ation. Development of a better understanding of these relations
between soil solution chemistry and the physics of field soil solu-
tion sampling is considered fertile ground for future research.

CONCLUSIONS

The experimental data presented here suggest that fiberglass
wicks in PCap samplers do not significantly change DOM chem-
istry: DOM parameters such as TOC, TN, and fluorescence
PARAFAC component abundances are not strongly impacted
by DOM interaction with the fiberglass wick material. Although
minor fractionation due to retention of lignin-derived polyphe-
nols are indicated by SUVA25 4 and FI evolution, wick efHuent is
considered to accurately represent DOM solution. Comparing
DOM characteristics derived from ASE vs. PCap sample collec-
tion indicated that ASE yield higher amounts of UV-absorbing,
presumably aromatic DOM, likely because of disturbances intro-

duced during the extraction process.

www.soils.org/publications/sssaj

2029



ACKNOWLEDGMENTS

The Jemez-Santa Catalina Critical Zone Observatory is supported by the
National Science Foundation, Grant no. EAR-0724958. Thanks to Mary
Kay Amistadi, Scott Compton, Tim Corley, John Leedy, Allison Peterson,
and Angelica Vazquez-Ortega for assistance with sampling and analysis.

REFERENCES

Bartlett, R.,and B. James. 1980. Studying dried, stored soil samples-Some pitfalls. Soil
Sci.Soc.Am.J.44:721-724.d0i:10.2136/ss52j1980.0361599500440004001 1x

Biddle, D.L., D.J. Chittleborough, and R.W. Fitzpatrick. 1995. Field monitoring
of solute and colloid mobility in a gneissic sub-catchment, South Australia.
Appl. Clay Sci. 9:433-442. doi:10.1016/0169-1317(94)00035-O

Brandi-Dohrn, EM., R.P. Dick, M. Hess, and J.S. Selker. 1996. Field evaluation
of passive capillary samplers. Soil Sci. Soc. Am. ]J. 60:1705-1713.
doi:10.2136/ss52j1996.03615995006000060014x

Chen, W., P. Westerhoff, J.A. Leenheer, and K. Booksh. 2003. Fluorescence
excitation-Emission matrix regional integration to quantify spectra
for dissolved organic matter. Environ. Sci. Technol. 37:5701-5710.
doi:10.1021/es034354c

Chorover, J. 2012. Impact of soil physicochemical and biological reactions on
transport of nutrients and pollutants in the Critical Zone. In: PM. Huang, Y.
Li,and M.E. Sumner, editors, Handbook of soil science: Resource management
and environmental impacts. CRC Press, Boca Raton, FL. p. 1-35.

Chorover, J., and M.K. Amistadi. 2001. Reaction of forest floor organic matter at
colloidal goethite, birnessite and smectite surfaces. Geochim. Cosmochim.
Acta 65:95-109. doi:10.1016/S0016-7037(00)00511-1

Chorover, J., P. Troch, C. Rasmussen, P.D. Brooks, J.D. Pelletier, D.D. Breshears
et al. 2011. Probing how water, carbon, and energy drive landscape
evolution and surface water dynamics: The Jemez River Basin-Santa
Catalina Mountains Critical Zone Observatory. Vadose Zone J. 10:884—
899. d0i:10.2136/vzj2010.0132

Cory, RM., and D.M. McKnight. 2005. Fluorescence spectroscopy reveals
ubiquitous presence of oxidized and reduced quinones in dissolved organic
matter. Environ. Sci. Technol. 39:8142-8149. doi:10.1021/es0506962

Czigani, S., M. Flury, ].B. Harsh, B.C. Williams, and J.M. Shira. 2005. Suitability
of fiberglass wicks to sample colloids from vadose zone pore water. Vadose
ZoneJ. 4:175-183.

Farmer, V.C. (editor). 1974. The layer silicates. The infrared spectra of minerals.
Mineral Soc., London. p. 331-363.

Feng, X., AJ. Simpson, and M.J. Simpson. 2005. Chemical and mineralogical
controls on humic acid sorption to clay mineral surfaces. Org. Geochem.
36:1553-1566. doi:10.1016/j.orggeochem.2005.06.008

Fest, EP.M.J., E.J.M. Temminghoff, R.N.J. Comans, and W.H. van Riemsdijk.
2008. Partitioning of organic matter and heavy metals in a sandy soil:
Effects of extracting solution, solid to liquid ratio and pH. Geoderma
146:66-74. d0i:10.1016/j.geoderma.2008.05.005

Frisbee, M.D., EM. Phillips, A.R. Campbell, and J.M.H. Hendrickx. 2010. Modified
passive capillary samplers for collecting samples of snowmelt infiltration
for stable isotope analysis in remote, scasonally inaccessible watersheds 1:
Laboratory evaluation. Hydrol. Processes 24:825-833. doi:10.1002/hyp.7523

Goyne, KW., R.L. Day, and J. Chorover. 2000. Artifacts caused by the collection
of soil solution with passive capillary samplers. Soil Sci. Soc. Am. J.
64:1330-1336. d0i:10.2136/ss52j2000.6441330x

Holder, M., KW. Brown, J.C. Thomas, D. Zabcik, and H.E. Murray. 1991.
Capillary-wick unsaturated zone soil pore water sampler. Soil Sci. Soc. Am.
J.55:1195-1202. doi:10.2136/s552j1991.03615995005500050001x

HurraB, J., and G.E. Schaumann. 2006. Properties of soil organic matter and
aqueous extracts of actually water repellent and wettable soil samples.
Geoderma 132:222-239. doi:10.1016/j.geoderma.2005.05.012

Ilg, K., E. Ferber, H. Stoffregen, A. Winkler, A. Pekdeger, M. Kaupenjohann,
and J. Siemens. 2007. Comparing unsaturated colloid transport through
columns with differing sampling systems. Soil Sci. Soc. Am. J. 71:298-305.
doi:10.2136/ss52j2006.0145

Jabro, J.D., Y. Kim, R.G. Evans, W.M. Iversen, and W.B. Stevens. 2008. Passive
capillary sampler for measuring soil water drainage and flux in the vadose zone:
Design, performance, and enhancement. Appl. Eng. Agric. 24:439-446.

Kaiser, K., and G. Guggenberger. 2003. Mineral surfaces and soil organic matter.
Eur. J. Soil Sci. 54:219-236. doi:10.1046/j.1365-2389.2003.00544.x

Kaiser, K., M. Kaupenjohann, and W. Zech. 2001. Sorption of dissolved organic
carbon in soils: Effects of soil sample storage, soil-to-solution ratio, and

temperature. Geoderma 99:317-328. doi:10.1016/S0016-7061(00)00077-X

Kaiser, K., and W. Zech. 1997. Competitive sorption of dissolved organic matter
fractions to soils and related mineral phases. Soil Sci. Soc. Am. J. 61:64-69.
doi:10.2136/ss52j1997.03615995006100010011x

Kalbitz, K., S. Solinger, J.H. Park, B. Michalzik, and E. Matzner. 2000. Controls
on the dynamics dissolved organic matter in soils: A review. Soil Sci.
165:277-304. doi:10.1097/00010694-200004000-00001

Knutson,].H.,S.B.Lee, W.Q.Zhang,and].S.Selker. 1993. Fiberglasswick preparation
for use in passive capillary wick soil pore-water samplers. Soil Sci. Soc. Am. J.
57:1474-1476. doi:10.2136/5552j1993.03615995005700060013x

Koopmans, G.E,and].E. Groenenberg, 2011. Effects of soil oven-dryingon concentrations
and speciation of trace metals and dissolved organic matter in soil solution extracts
of sandy soils. Geoderma 161:147-158. doi:10.1016/j.geoderma.2010.12.012

Lakowicz,].R. 2006. Principles of fluorecsence spectroscopy. Springer, New York.

McKnight, D.M., EW. Boyer, P.K. Westerhoff, P.T. Doran, T. Kulbe, and D.T.
Andersen. 2001. Spectrofluorometric characterization of dissolved organic
matter for indication of precursor organic material and aromaticity.
Limnol. Oceanogr. 46:38-48. doi:10.4319/10.2001.46.1.0038

Meier, M., K. Namjesnik-Dejanovic, P.A. Maurice, Y.P. Chin, and G.R. Aiken. 1999.
Fractionation of aquatic natural organic matter upon sorption to goethite and
kaolinite. Chem. Geol. 157:275-284. doi:10.1016/50009-2541(99)00006-6

Mertens, J., J. Diels, J. Feyen, and J. Vanderborght. 2007. Numerical analysis of
passive capillary wick samplers prior to field installation. Soil Sci. Soc. Am.
J. 71:35-42. d0i:10.2136/ss52j2006.0106

Miller, M., B. Simone, D. McKnight, R. Cory, M. Williams, and E. Boyer.
2010. New light on a dark subject: Comment. Aquatic Sci. Res. Across
Boundaries 72:269-275. doi:10.1007/s00027-010-0130-2

Miro, M., WJ. Fitz, S. Swoboda, and WW. Wenzel. 2010. In-situ sampling of soil
pore water: Evaluation of linear-type microdialysis probes and suction cups at
varied moisture contents. Environ. Chem. 7:123-131. doi:10.1071/EN09084

Notario del Pino, ], I. Dorta Almenar, A. Rodriguez Rodriguez, C. Arbelo
Rodriguez, EJ. Navarro Rivero, J.L. Mora Hernandez et al. 2008. Analysis
of the 1:5 soil: Water extract in burnt soils to evaluate fire severity. Catena
74:246-255. d0i:10.1016/j.catena.2008.03.001

Ohno, T. 2002. Fluorescence inner-filtering correction for determining the
humification index of dissolved organic matter. Environ. Sci. Technol.
36:742-746. d0i:10.1021/es0155276

Omoike, A., and J. Chorover. 2006. Adsorption to goethite of extracellular
polymeric substances from Bacillus subtilis. Geochim. Cosmochim. Acta
70:827-838. doi:10.1016/j.gca.2005.10.012

Peters, A., and W. Durner. 2009. Large zero-tension plate lysimeters for soil
water and solute collection in undisturbed soils. Hydrol. Earth Syst. Sci.
13:1671-1683. doi:10.5194/hess-13-1671-2009

Senesi, N., V. D’Orazio, and G. Ricca. 2003. Humic acids in the first generation of
EUROSOILS. Geoderma 116:325-344. doi:10.1016/S0016-7061(03)00107-1

Shira, .M., B.C. Williams, M. Flury, S. Czigany, and M. Tuller. 2006. Sampling
silica and ferrihydrite colloids with fiberglass wicks under unsaturated
conditions. J. Environ. Qual. 35:1127-1134. doi:10.2134/jeq2005.0136

Siemens, J., and M. Kaupenjohann. 2003. Dissolved organic carbon is released
from sealings and glues of pore-water samplers. Soil Sci. Soc. Am. J.
67:795-797. doi:10.2136/ss52j2003.0795

Smidt, E., and K. Meissl. 2007. The applicability of Fourier transform infrared
(FT-IR) spectroscopy in waste management. Waste Manag. 27:268-276.
doi:10.1016/j.wasman.2006.01.016

Soil Survey Staff (2011). Keys to Soil Taxonomy. NRCS. USDA, Washington,
DC.p.211.

Stedmon, C.A., and R. Bro. 2008. Characterizing dissolved organic matter
fluorescence with parallel factor analysis: A tutorial. Limnol. Oceanogr.
Methods 6:572-579. doi:10.4319/1om.2008.6.572

Swift, R.S. 1996. Organic matter characterization. Methods of soil analysis. Part 3.
Chemical methods. Book series no. 5. SSSA, Madison, W1 p. 1011-1069.

Weihermiiller, L., J. Siemens, M. Deurer, S. Knoblauch, H. Rupp, A. Goettlein,
and T. Puetz. 2007. In situ soil water extraction: A review. J. Environ. Qual.
36:1735-1748. doi:10.2134/jeq2007.0218

Weihermiiller, L., R. Kasteel, and H. Vereecken. 2006. Soil heterogencity effects
on solute breakthrough sampled with suction cups. Vadose Zone J. 5:886-
893. d0i:10.2136/vzj2005.0105

Weishaar, J.L., G.R. Aiken, B.A. Bergamaschi, M.S. Fram, R. Fujii, and K.
Mopper. 2003. Evaluation of specific ultraviolet absorbance as an indicator
of the chemical composition and reactivity of dissolved organic carbon.

Environ. Sci. Technol. 37:4702-4708. doi:10.1021/es030360x

2030

Soil Science Society of America Journal



