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A PRELIMINARY INVESTIGATION OF COMPOUNDS EXTRACTED WHEN 
SOAKING LOW-FIRE CERAMICS 

Teresa Myers 

Introduction 

The submersion of ceramic objects—from earthenware to porcelain—in water is a common 
treatment procedure in objects conservation. This procedure can be used for many purposes, 
including aiding in the removal of adhesive repairs; softening accretions; and removing salts from 
the ceramic matrix. This paper is concerned with the effects of soaking low-fire ceramics in water. 

Soaking a low-fire archaeological ceramic often produces a yellow tint in the water. This may 
occur without any apparent relation to the age of the ceramic, its excavation location or its post-
excavation treatment. The author has witnessed this phenomenon when desalinating Maya 
polychrome vases, ancient Greek vessels and indigenous ceramics from the Dominican Republic. 
Desalination of these diverse vessels was carried out in different countries, within different 
institutions, and using various water sources, yet all produced a similar visual result in the soak 
water. An early assumption of a relationship between the color and the presence of salts was 
disproved when soaking sherds from a pre-Columbian Southwest US ceramic vessel in order to 
soften accretions; the vessel was free of soluble salts but soaking the sherds nonetheless produced 
the yellow color. These observations spurred the following investigation, although ultimately no 
definite link was made between the yellow color and any particular compound. 

Experiment Design 

The investigation took the form of an experiment that would provide information about materials 
extracted from low-fire ceramics through soaking in water at room temperature. 

The experiment was designed to provide qualitative analysis of compounds extracted from 
carefully selected sources. Test materials were chosen to determine the effect of several factors on 
the materials extracted by the soak water: firing temperature; firing conditions (reductive versus 
oxidative firing); surface decoration (slip), and differences in clay bodies (tempered versus 
untempered). 

The Samples 

Samples for analysis consisted of residues extracted during soaking in water of five groups of test 
materials (see Table 1): unfired raw materials; new ceramic coupons (oxidative firing); new, 
ceramic sherds (reduction firing, both decorated and undecorated); recently excavated 
archaeological sherds; and a control group. Each group was divided into smaller sets to represent 
different factors being tested. Each set consisted of four similar or identical materials to provide 
statistical qualitative accuracy. 
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Group 1 : Raw materials, probable source clay and temper from Mission San Marcos. 
Materials were processed by softening with deionized water and crushing. 
•Set 1: (4) tins of clay (# 57-60) 
•Set 2: (4) tins of temper (# 61-64) 
•Set 3: (4) tins of a 4:1 clay-temper mix, measured by weight. (# 65-68) 

Group 2: Oxidatively fired ceramic coupons made of a probable source clay and temper 
from Mission San Marcos. 
•Set 1 : (4) tins of clay-only coupons fired to 650 degrees Centigrade (# 1-4) 
•Set 2: (4) tins of 4:1 clay:temper coupons fired to 650 degrees Centigrade (# 5-8) 
•Set 3: (4) tins of clay-only coupons fired to 800 degrees Centigrade (# 9-12) 
•Set 4: (4) tins of 4:1 clay:temper coupons fired to 800 degrees Centigrade (# 13-16) 
•Set 5: (4) tins of clay-only coupons fired to 975 degrees Centigrade (# 17-20) 
•Set 6: (4) tins of 4:1 clay:temper coupons fired to 975 degrees Centigrade (# 21-24) 
•Set 7: (4) tins of clay-only coupons fired to 1050 degrees Centigrade (# 25-28) 
•Set 8: (4) tins of 4:1 clay:temper coupons fired to 1050 degrees Centigrade(# 29-32) 

Group 3 : Reductively fired sherds from a vessel (exact firing temperature unknown) 
made with a mix of 4:1 Mission San Marcos probable source clay:unidentified temper, 
hand-built by Dr. Blinman and unused. 
•Set 1 : (4) tins of sherds, undecorated (# 49-52) 
•Set 2: (4) tins of sherds, decorated with orange slip pre-fire (# 53-56) 

Group 4: Archaeological sherds, unwashed, excavated from two areas at Mission San 
Marcos 
•Set 1 : (4) tins of oxidatively fired sherds, decorated with slip pre-fire; from area LA 98 
Cat.99.12.4897 Lot 1 (# 33-36) 
•Set 2: (4) tins of oxidatively fired sherds, undecorated, from area LA 98 Cat.99.12.4897 
Lot 1 (# 37-40) 
•Set 3: (4) tins of blackened cookware sherds from area LA 98 Cat.99.12.4867 Lot 1 (# 
41-44) 
•Set 4: (4) tins of oxidatively fired sherds, undecorated, from area LA 98 Cat.99.12.4867 
Lot i (#45-48) 

Group 5 : Control group 
•Set 1 : (4) tins of deionized water (# 69-72) 

Table 1. Sherd groups tested. 

Dr. Eric Blinman, Assistant Director of the Office of Archaeological Studies for the Museum of 
New Mexico, provided materials with documented connections to Mission San Marcos, a New 
Mexican archaeological site to which he has access. New coupons and sherds were crafted from 
the clay believed to be the probable source for the archaeological ceramics excavated at Mission 
San Marcos. Some of the new ceramic bodies used in this study were formulated to match the 
ratio of 4:1 clay:temper found in low-fire archaeological sherds from Mission San Marcos. (This 
ratio is based on cross section analysis and experimental work with local clays.) (Blinman, 2004) 

The first group was composed of raw materials, unprocessed probable source clay and temper. 
One set of four samples consisted of the clay alone, one set consisted of the temper alone and one 
set consisted of the two mixed together in the above mentioned 4:1 clay .temper ratio. These raw 
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materials would allow comparison of what was extractible from unfired materials versus fired 
ceramics made from the same materials. 

The second group was composed of new ceramic coupons fired oxidatively in an analytical kiln. 
These coupons were divided into 8 sets, as follows: four sets were formed from clay alone and 
four were formed from the 4:1 mix of clay:temper. Temper, a bulking agent added to clay for 
improved handling qualities and to reduce shrinkage during drying and firing, could not be fired 
alone as it lacks the cohesion provided by the presence of clay. One set of clay coupons and one 
set of clay:temper coupons were fired to four different temperatures common for low-fire 
ceramics; 650, 800, 975 and 1050 degC. These coupons would allow comparison of extractible 
material in ceramics formed at different firing temperatures, and also what was available in the 
clay versus the temper. A direct comparison could be made to raw materials from the same 
source, pure clay and a clay/temper mix. 

The third group consisted of new sherds from a single reduction-fired vessel that Blinman had 
recently made using the probable Mission San Marcos source clay, using a-temper from an 
unknown source. One set of sherds was undecorated and the other set was decorated with an 
applied slip made of the probable source clay and additional iron oxide. Slip is a regular 
decorative feature of low-fire ceramics that is applied pre-firing and consists of clay mixed with 
coloring agents. These sets would allow a comparison of extractable in oxidative versus 
reductive firing and also in decorated versus undecorated surfaces. Because of the difference in 
temper source, the comparison between this group and the others is not exact. 

The fourth group, the archaeological sherds, consisted of small sherds from two areas of the 
Mission San Marcos site. None of the sherds had been cleaned after excavation beyond brushing 
off excess dirt; a small quantity of directly associated burial dirt remained on each sherd. Two 
sets of oxidatively-fired sherds were chosen from the first area of the archaeological site; one set 
of undecorated and one set of decorated sherds. The second area of the site yielded a set of 
blackened corrugated cookware sherds that may have been reduction fired and a set of 
undecorated oxidatively-fired sherds. These sherds would allow comparison of decorated versus 
undecorated wares, sherds from slightly different deposits, and the differences available in the 
blackened cookware. These sets would also allow comparison between new ceramics and 
archaeological sherds although it must be noted that the clay and temper used in the new 
ceramics were from the probable source of the archaeological materials; it is possible that the 
archaeological samples were made from clay and temper of entirely different sources. 

Methodology 

Each individual sample was placed in a separate aluminum weighing dish and covered with 
deionized water. The control group consisted of four dishes filled only with deionized water. All 
deionized water was drawn from the same source. The dishes were from the same source and had 
been washed as a group in deionized water with Orvus WA paste, rinsed in deionized water and 
left to air-dry. The dishes, with test materials and water, were placed together on a platform and 
covered with a lid to exclude dust and discourage evaporation. More deionized water was added 
as needed to the dishes throughout the course of this first phase of the experiment. 

After two weeks the test materials, with the exception of the loose raw materials, were removed 
from their dishes and the remaining liquid was examined. At this time, it was noted that the 
water in the trays that had held the archaeological sherds displayed a yellow tint. The water was 
then allowed to evaporate completely. Every group except the control group produced some 
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a total of 68 samples. The residues in the dishes that held the archaeological sherds retained a 
slight yellow color, while those holding the new ceramics and the raw materials produced a white 
residue. 

Samples were collected with a clean scalpel blade and analyzed immediately after collection. The 
primary analytical tool was Fourier-Transform Infrared Spectroscopy, or FTIR. FTIR is often 
thought of as most useful in the analysis of organic polymers but in this case it proved useful in 
identifying both organic and inorganic compounds. 

To obtain a thorough information base and minimize preparation time for the 68 samples, each 
sample set of four was analyzed by taking one Potassium Bromide (KBr) pellet spectrum and 
three Split Pea spectra. Split Pea (also known as Attenuated Total Resistance or ATR) is a rapid 
method of analysis, as it does not involve any sample preparation beyond collection. The Split 
Pea attachment at the Museum of New Mexico yields relatively noisy spectra and was therefore 
used as a backup method to the KBr pellet sample collection. Thus the analysis ratio of 1 KBr: 3 
Split Pea yielded one clear, detailed spectrum in the set and three generally noisier versions that 
would nonetheless allow for some comparison. Significant variance within the set would signal a 
need to prepare three additional KBr pellets. 

Because of the clarity of spectra generally available from KBr pellets, this paper will largely utilize 
spectra derived from KBr pellets as representative of each sample set, with only a few Split Pea 
spectra used. 

Results 

All sample groups (with the exception of the control group) yielded residues and all residues 
yielded spectra. Comparisons of spectra between groups revealed peaks present throughout most 
groups which will be discussed below. One other set of peaks was found uniquely in the 
Archaeological sherds group (Group 4), peaks consistent with the presence of nitrates. Nitrates 
were the only non-contaminant that appeared consistently in every spectrum for the 
archaeological ceramics and did not appear in any other samples. 

Interpretation of the spectra was undertaken with the assistance of Dale Kronkright of the 
Kronkright Center for Cultural Materials, Richard Newman and Michele Derrick of the Museum 
of Fine Arts, Boston (Newman and Derrick, 2003) and an interpretive guide from Nicolet, maker 
of the Museum of New Mexico Conservation Department's FTIR spectrometer (Nicolet 
Educational Services). 

Spectra from Group 1, raw clay and temper samples, are shown in Fig. 1. The spectra show peaks 
significantly different from those seen in the spectra from other sample categories with the 
exception of contaminants and silicates, (peaks around 1116 wavenumbers). Silicates are the 
proposed source of the commonly found peak around 1150 wavenumbers. The compounds 
causing unidentified peaks were likely present in raw materials but destroyed in the firing process 
for the new ceramics. The cluster of peaks above 3500 wavenumbers in CE# 57 are associated 
with unfired clay, yet they appear inconsistently throughout the other groups of spectra; CE#s 17, 
29, 53 and 45 show these peaks strongly. These may be from unfired associated soil (as in the 
case of the archaeological materials) or may indicate contamination through handling. 
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Spectra from Group 2, the new ceramic coupons, are shown in Figs. 2 - 4 . Figs. 2 and 3 show 
spectra from the clay-only type, fired at the temperatures shown. Fig. 4 shows spectra from the 
clay/temper mix with corresponding temperature notations. All of these spectra are quite similar 
with no real difference between clay-only and the clay/temper mix. All spectra contain peaks for 
amine, alumina and hydroxyl contaminants (these contaminants will be discussed below). They 
also have the silicates peak around 1116 wavenumbers. It seems likely that in the lowest-fired 
ceramics, some portion of the clay was left unfired, and subsequently was suspended in water and 
withdrawn from the ceramic matrices during soaking. 

Spectra from Group 3, the reductively-fired new ceramic sherds, seen in Fig. 5, show the alumina, 
hydroxyl and amine contamination as well as a peak for silicates. These spectra do not differ 
significantly from the oxidatively-fired coupons. Likewise, there does not seem to be any 
significant difference between the reductively-fired plain sherds and those decorated with slip. 

Group 4, the archaeological sample set, exhibited the most varied spectra (Fig. 6). Spectra from 
these sherds are shown in Fig. 6. Once again the spectra display amine, alumina and hydroxyl 
contamination with a peak for silicates. There is also a pair of peaks, one at around 1380 
wavenumbers and another at about 820 wavenumbers, which are characteristic peaks for nitrates. 

Because there was no apparent difference between decorated versus undecorated or reductive 
versus oxidative firing in the new ceramics, it is likely that variations between the archaeological 
spectra are not due to these factors but rather a result of variations in materials deposited within 
the ceramic matrices during burial. 

A phosphates peak appears at around 1025 wavenumbers in some but not all of the archaeological 
samples. Phosphates in the archaeological samples may have been deposited during burial or may 
be the result of contamination. 

As noted above, amines, hydroxyls, phosphates and alumina appeared throughout the sample sets. 
The consistent presence of these compounds in both new and archaeological samples shows that 
they are not derived from use or burial context; they may be artifacts of the manufacturing 
process, or they may be contaminants. 

The amines are present in the spectra as a triplet of peaks at about 1640, 1550 and 1430 
wavenumbers. Their presence is generally confirmed by a sharp peak at about 3300 wavenumbers. 
The triplet of peaks is present consistently throughout the sample sets, including those from the 
newly fired ceramics. Any amine (protein) contained in the unfired clay coupons would have been 
destroyed by the firing process, so the protein had to have been deposited post-fire. In these new 
ceramic coupons, the most likely source of protein is from skin contact during handling. The raw 
materials analyzed may have been contaminated by handling or may have contained proteins from 
their burial context. The archaeological sherds may have contained proteins from their burial 
context but because they, too, had been subjected to skin contact (post-excavation), their protein 
content can only be considered as contamination. 

The hydroxyl groups, represented by a broad band at about 3500 wavenumbers, are present in the 
KBr pellet-derived spectra only. Hydroxyl contamination is common in KBr spectra. 

In Split Pea spectra, a sharp peak is present at about 3300 wavenumbers, confirming the presence 
of amines. In KBr spectra, the sharp or blunt curve is present closer to 3500 wavenumbers but in 
most cases is sharper than hydroxyl groups alone would cause. It is likely that in the case of the 
KBr spectra the two peaks overlapped and the sharp amine peak shifted to the left to give a 
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broad, fairly sharp peak closer to 3500 wavenumbers. 

Phosphates are indicated by peaks around 1025 wavenumbers. Peaks in this range appeared 
inconsistently within sample groups; for example in Set 1 of Group 2 (see Table 1), all of the 
samples are from identically treated clay coupons, yet CE#2 is the only sample which gives a peak 
around 1025 wavenumbers (see Fig. 2). This implies that phosphates contaminated the project; 
they may have unevenly contaminated the aluminum tins or the water, or they may be the result of 
contamination through handling. 

Most of the spectra, both KBr and Split Pea, showed peaks at about 600 wavenumbers. This 
peak can be caused by the presence of Sulfates (together with another peak at around 1150 
wavenumbers), Phosphates (together with a peak at around 1050 wavenumbers) and Alumina. 
Phosphates do not appear as consistently as the 600 wavenumber peaks. Peaks close to 1150 
were present in many but not all of the samples. Samples 1,2,3 and 4 (See Figure 2), all of which 
have peaks at both 1150 and 600, tested negative for Sulfates using the Barium Chloride test 
(Odegaard et al. 2000). The proposed source of the 1150 peak will be discussed below. 

Alumina is indicated solely by a peak around 600 wavenumbers. The consistent presence of 
Alumina is the most likely explanation for the 600 wavenumber peaks, confirmed by an observed 
phenomenon in the course of the project. Pitting was observed in many of the aluminum weighing 
dishes at points of contact between the ceramics and the aluminum. It appeared that the contact 
allowed for localized reaction between the aluminum and the water, which was found to have a 
pH of about 5.5. This most likely caused pitting in the aluminum and created small white 
crystalline deposits of what is assumed to be aluminum oxide within the residues. In most dishes 
(exceptions are the control dishes and possibly the raw materials dishes, which had no points of 
contact), those with and those without visible pitting, a white residue was found in the dish with 
the other residues once the water had evaporated. 

Other peaks appear inconsistently throughout the sample groups. These peaks may be the result 
of a form of contamination or may indicate a need for further research. 

Further Analysis 

After the initial analysis of the spectra, archaeological samples were tested microchemically for 
nitrates using the iron (II) sulfate test (Odegaard et al. 2000). The positive result for nitrates 
backed up the spectral analysis. 

Due to its ability to produce color in the yellow-green range, iron has been suggested as the 
source of the yellow tint to desalinating soak water. Accordingly the hydrochloric acid test for 
iron (Odegaard et. al, 2000 p.64) was performed on residue from all archaeological samples and 
on a representative sample of new ceramic coupons. All samples tested yielded a slight yellow 
stain; a faint positive result for iron. The inferred small quantity of iron in the samples has two 
likely possible sources; the iron extracted from the clay body or the iron present in the scalpel 
blade used to obtain the samples for testing. In either case the positive result for iron was 
consistent throughout all of the samples while the yellow tint to the soak water (and residue) was 
found only in the archaeological samples. This implies no relationship between the yellow tint and 
the presence of iron. 

Compounds such as phosphates were found in only a few of the samples and were not found to 
have a consistent presence in the archaeological samples. This fact discounts phosphates as a 
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Conclusions 

From these results, it appears that nitrates may be the source of the yellow tint in the soak water 
from the archaeological sherds. Nitrates and the yellow color were the only factors that were 
common to all archaeological samples tested and were not found in the other samples. Because 
these factors did not appear in any of the newly fabricated ceramics, it can be assumed that the 
sources of both color and nitrates were deposited in a post-firing context. The fact that these 
sherds were not washed by archaeologists assures that the nitrates and color source were not 
deposited after excavation. Thus they must have been deposited either in use or in the burial 
environment. The small quantity of soil associated with each archaeological sherd is unlikely to be 
the sole source of nitrates or the yellow tint; after a long period of burial it is reasonable to 
assume that a ceramic matrix will have absorbed any water-soluble compounds available in the 
surrounding soil. 

Nitrates are commonly derived from plant material and fertilizers and both options seem possible 
sources. Plants associated with the ceramic when it was in use, or decaying plants or fertilizer 
introduced while the sherds were in the burial environment could explain the presence of nitrates. 

Though the results of this experiment imply a relationship between the source of the yellow tint 
and the presence of nitrates, further questions remain concerning this relationship. However, this 
experiment has successfully explored other factors such as protein contamination and extractible 
silicates in ceramics. Proteins appeared in this experiment as ubiquitous contaminants; their 
presence therefore should probably be considered as such when found in any ceramic matrix, 
unless proper handling precautions have been taken. This experiment also proved that unfired 
silicates can be extracted from the ceramic matrix during soaking. This may have repercussions in 
future quantitative studies of the composition of very low-fired ceramics. 

This study raises some interesting questions and new avenues for exploration. For example, FTIR 
can be used to detect the presence of a variety of compounds, both organic and inorganic, and 
therefore can be a useful tool in the analysis of ceramic sherds. And because questions remain 
about what extractible compounds are present within a ceramic matrix, conservators should 
consider carefully before soaking ceramics in water and then consider again before sending the 
soak water down the drain. 
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Figure 1. Spectra from Group 1. 

Figure 2. Spectra from Group 2, Set 1. 
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Figure 3. Spectra from Group 2, clay-only samples. 

Figure 4. Spectra from Group 2, clay/temper mix. 
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Figure 5. Spectra from Group 3. 

Figure 6. Spectra from Group 4. 
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