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In this article, the authors investigate the effectiveness of glass and metal recycling in Roman towns.
The comparison of sealed primary deposits (reflecting what was in use in Roman towns) with dumping
sites shows a marked drop in glass and metal finds in the dumps. Although different replacement ratios
and fragmentation indices affect the composition of the assemblages recovered in dumps, recycling
appears to have played a fundamental role, very effectively reintroducing into the productive chain most
glass and metal items before their final discard. After presenting a case study from Pompeii, the authors
examine contexts from other sites that suggest that recycling practices were not occasional. In sum, recyc-
ling should be considered as an effective and systematic activity that shaped the economy of Roman
towns.
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INTRODUCTION

Roman urban communities made use of
circular economic models in many
respects: repair, curation, lateral cycling,
and recycling were all activities well-rooted
in the economic system, drawing from a
long experience and mindset (Duckworth
& Wilson, 2020; Furlan, 2023; Bavuso
et al., forthcoming). Among the processes
involved, largely but not exclusively
grouped under the umbrella term of reuse,
recycling, i.e. ‘the return of an artifact after
some period of use to a manufacturing
process’ (Schiffer, 1996: 29), certainly had
a substantial impact on some categories of
material, particularly glass and metals.
Recycling took place within urban waste

management systems (Figure 1). The

Roman approach to urban waste shared
some aspects with the systems adopted in
other cultural, geographical, and temporal
contexts (see Hayden & Cannon, 1983;
Needham & Spence, 1997; Beck, 2006), but
also had its own specific features (Raventós
& Remolà, 2000; Ballet et al., 2003; Furlan,
2017). In general, solid rubbish generated in
domestic or productive areas could be provi-
sionally discarded, stored, or hoarded, but
then was routinely collected and transported
outside the city walls, where it accumulated
in mounds or filled riverbeds and cavities.
Between initial discard and final deposition,
what was considered worth being reused
(and, specifically, recycled) was collected, re-
entering the economic system.
The recycling of glass and metals in the

Roman world has been variously attested in
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the archaeological record, written sources,
and archaeometric analyses (e.g. Keller,
2005; Freestone, 2015; Pollard et al., 2015;
Bray, 2020; Duckworth, 2020); this docu-
mentation provides an outline of the
dynamics, networks, and agents involved.
Conversely, the economic impact of glass
and metal recycling on the local, urban
economies remains understudied. This
seems to be largely due to three factors:

1) a lack of extensive archaeometric ana-
lyses, difficult and expensive to
conduct on large enough assemblages

2) the quality of the available archaeo-
logical data, consisting of finds from
very disparate types of contexts, each
with their own taphonomical issues

3) multiple recycling, as glass and most
metals could be remelted more than once.

The first and third factors mostly
belong to the sphere of archaeometry, but
the second can be tackled along more
traditional archaeological lines. Here, we
compare primary assemblages, which
reflect (as much as can be ascertained) the
systemic context of Roman towns (for the
difference between systemic context and
archaeological context, see Schiffer, 1972),
with extra-urban rubbish assemblages to
determine the effectiveness of glass and
metal recycling in the urban economy.
The chronological and spatial limits of

our study were determined by the available
evidence and its nature. The introduction
of glassblowing in the second half of the
first century BC, which substantially
changed the glass vessel market (Stern,
1999; Grose, 2017: 9; Larson, 2019;
Jackson & Paynter, 2022), represents a

Figure 1. Simplified model of the ‘waste stream’ of a Roman town. Reuse practices can occur at differ-
ent stages.
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terminus post quem for this study. Our
article mainly focuses on early and mid-
imperial contexts from the western Roman
Empire, but also includes two comparative
case studies from late imperial Kourion in
Cyprus and early medieval Jerash in
Jordan (Figure 2).

METHODOLOGY

Any archaeological assessment of the
intensity of urban recycling is conditioned
by a variety of factors and possible biases;
some cannot be eliminated, but their
impact can at least be roughly modelled
and evaluated. In any event, reducing
potential biases to a minimum is the basic
principle followed.
A first consideration concerns the preser-

vation of glass and metals in the archaeo-
logical record. Roman glass is considered

very durable (Davison, 2003: 169–98); it
can disintegrate completely under certain
burial conditions but in none of our case
studies does this seems to have happened
to a significant degree. A similar situation
can be assumed for metals: although dis-
playing different rates of corrosion, even
small metal items were recovered in each
site we examined, and their complete disin-
tegration can be ruled out as a significant
bias.
In order to assess the effectiveness of

glass and metal recycling, a first step con-
sists of measuring how much of these
materials was in use in an urban settle-
ment. This is hardly achievable in absolute
terms, but can be ascertained in terms of
relative proportions and expressed as a
percentage.
Systemic assemblages (all materials circu-

lating, or otherwise in use, or temporarily

Figure 2. Location of the sites included in the study (map by M. Coto Sarmiento using QGIS 3.22
3.22.6-Bial ===== owieża with CARTO Positron basemap. Roman Empire border added by A. Pažout
using Ancient World Mapping Center (https://awmc.unc.edu/wordpress/).
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stored in a town in a given period) are nor-
mally composed of materials of different
types. The degree of survival of organic
finds is heavily affected by variable rates of
decay; therefore they cannot be used for
reliable comparison. Building materials
must also be excluded, as their discard is
often the result of discrete, scattered epi-
sodes of refurbishment rather than regular
building operations.
Ceramics are the most reliable for com-

parison, as they are non-perishable and
were part of the everyday life of any
Roman town; their abundance also makes
them a sound benchmark from a quantita-
tive perspective. Pottery was also com-
monly recycled, as temper in bricks and
other ceramic vessels or as aggregate in
mortars (Peña, 2007: 263; Siddall, 2011);
given the enormous amounts of pottery
involved, we can assume that recycling had
a relatively limited quantitative impact,
even with a substantial proportion of cer-
amics being recycled. Finally, using ceram-
ics as a benchmark should remain valid, as
long as the incidence of recycling can be
roughly modelled as constant in different
urban contexts. The systemic quantity of
glass and metal can therefore be measured
in proportion to the total sum of ceramics,
glass, and metal.
Among metals, an important distinction

must be made: coins were withdrawn from
circulation according to specific proce-
dures, sharing little with common rubbish
disposal (see e.g. Chameroy & Guihard,
2016). We have therefore deliberately
excluded coins when counting metals.
Having selected a consistent benchmark

to measure the relative abundance of glass
and metal, the major issue is the selection
of appropriate contexts, the ideal contexts
being those least affected by depositional
and post-depositional factors that would
alter their capacity to show what was in
use in a given space at a given moment.
Primary urban contexts, little or not

affected by long abandonment processes
(therefore containing what is de facto
rubbish minimally affected by curate
behaviour; Schiffer, 1996: 89–90), are the
ideal target. Episodes of fire, earthquakes,
or volcanic activity suddenly sealing a
domestic or productive assemblage are rare
in the archaeological urban record. Yet
they can provide the most reliable picture
of what was in use in a Roman town at a
given time. The selection of appropriate
contexts, as far as possible, includes an
assorted mix of high- and low-status
dwellings, as well as production facilities,
the aim being to reflect as much as can be
ascertained the whole urban systemic
assemblage.
These archaeological contexts are then

compared to contexts that formed at the
other end of the rubbish stream, namely
the communal extramural urban dumps.
Again, the incidence of glass and metals is
measured as a percentage of the total
amount of glass, metals, and ceramics. At
this point, any difference in the internal
proportions of glass, metals, and ceramics
between the two set of contexts can be
largely explained by two main factors,
namely: 1) the different use life (or
replacement ratios) of objects made of dif-
ferent materials; and 2) the impact of
recycling.
The first factor is difficult to model

given the scant data available. Some
models for the use life of certain classes of
Roman pottery have been proposed (Peña,
2007), but, to our knowledge, there are no
models for glass and metalware. We can
assume that the typical life of a metal
vessel was longer than that of a ceramic
vessel, and therefore must have reached
the dumping sites less often. Given their
function, items such as nails and appliques
can be expected to have lasted for a long
time. The same would apply to precious
objects made of silver and gold.
Quantifying the phenomenon, however,

470 European Journal of Archaeology 26 (4) 2023

https://doi.org/10.1017/eaa.2023.25 Published online by Cambridge University Press

https://doi.org/10.1017/eaa.2023.25


remains problematic. Glass is more fragile
than pottery (mostly because the vessels’
walls are much thinner), but glassware was
probably handled with more care and typic-
ally employed for more delicate purposes.
Achieving a reliable figure, is, again, very dif-
ficult. Lastly, low replacement ratios (either
due to normal use or to proper curation) and
recycling are not mutually exclusive, as they
can both involve the same object.
If a quantitative approach cannot accur-

ately distinguish between the two factors, a
qualitative approach, which examines the
characteristics of the artefacts recovered,
can attest to the existence of practices of
recycling. In our study, after narrowing
down the field through a numeric
approach, our focus will therefore switch to
a closer qualitative look at the assemblages
recovered from dumping areas, to highlight
the role played by recycling as opposed to
different replacement ratios. This approach
does not allow us to address the question
of multiple episodes of recycling, but it
does permit us to set a minimum threshold
for recycling; it indicates the lowest figure
for the impact of recycling in the Roman
economy, giving us at least an approximate
estimate of its effectiveness.

Considerations concerning
quantification

Weight is the ideal parameter for measuring
the relative proportions of materials involved
in rubbish disposal and recycling, as each
recyclable artefact is relevant only as a raw
material to be reintroduced to the product-
ive system. It also makes comparisons easier
and straightforward. Unfortunately, this
simple assumption is at odds with the most
common type of data available for assem-
blages, namely finds counts.
For testing possible distortions, absolute

numbers and relative percentages from two
different rubbish contexts (from the Sarno

Baths in Pompeii and Tours, see below),
where both weight and finds count were
available, were examined (Table 1). In an
attempt to reduce possible discrepancies, the
number of finds has also been multiplied by
the average specific weight of each material,
which varies according to the composition of
ceramics, glass, and metal alloys; we used a
figure of 2.8 kg/dm3 for ceramics, 2.2 kg/dm3

for glass, and 7.87 kg/dm3 for metals. The
latter refers to the specific weight of iron.
The specific weight of bronze depends on the
quantity of tin in the alloy, which varies
between eight per cent and fourteen per cent,
implying a variation of the specific weight
between 7.4 kg/dm3 and 8.9 kg/dm3. As the
specific weight of iron lies in the middle, it
was chosen as an approximation of the
average specific weight of metals as a whole.
In both contexts, the finds count overem-

phasizes the presence of glass and metals,
but adjusting the number of finds by specific
weight does not appreciably improve the
figures indicated by the simple weight. This
seems to be largely due to the size of the
finds: glass and metal finds recovered in
dumps are considerably smaller than the
average pottery sherds. It also implicitly con-
firms the impact of the upstream selection
and collection for recycling, as only the smal-
lest fragments and objects slipped through
the system, the larger fragments of glass and
metal being mostly absent from the dumps.
Unfortunately, it was not possible to make
the same observations on primary contexts
intra moenia (inside the city walls), which
may have provided a more complete picture.
Given the available data, we decided to

compare finds count percentages, simply
acknowledging that the results overemphasize
the presence of glass and metals in dumps.
This implies that any variations in percentage
must be substantial to be perceived. One last
remark concerns fragility and fragmentation,
which does not only influence replacement
ratios. In primary contexts, one find often
corresponds to a complete, well-preserved
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object, whereas in dumping sites, it generally
(but not exclusively) refers to a fragment.
This may be a distorting factor, as this
applies more or less uniformly to glass and
ceramic finds, but not to metals; the latter
break much more rarely and may theoretically
lead to underestimating the percentage of
metals in dumps. We shall, however, see that
the characteristics of the metals recovered in
dumps largely eschew this problem.

METAL AND GLASS RECYCLING IN

POMPEII

Given the necessity of reducing bias to a
minimum, Pompeii at the time of its dev-
astation in AD 79 constitutes an ideal case
study. Clearly, some factors distorted the
composition of certain assemblages,
namely curate behaviour before and after
the eruption of Vesuvius and refurbishing
caused by the earthquake that affected the
Vesuvian sites in AD 62/63. Nonetheless,
the events leading to the sealing of the city
were so sudden and irreversible that, from
our point of view, the impact of these
factors can be considered, if not negligible,
at least incomparably lower than the sum
of depositional and post-depositional pro-
cesses affecting the archaeological record
of most Roman urban sites.
The oldest excavation reports concerning

the AD 79 phase of the city mostly do not

contain reliable quantitative data, notably
because of the selection criteria of
investigations conducted before stratigraphic
methods became current. For this reason,
some groups of artefacts recovered in the
nineteenth century, although thoroughly
reassessed recently (Sigges, 2001; Coralini,
2018; Berg, 2019: 56; Berg & Kuivalainen,
2019), could not be used; only data from
some recent excavations and the study of
early to mid-twentieth-century excavation
journals provide sufficient evidence to
address our topic. This does not entirely rule
out the possibility that some twentieth-
century excavations were still privileging
whole and precious artefacts over coarse
pottery. Nonetheless, this bias can be consid-
ered less relevant and more occasional than
systematic. Comparative case studies of other
sites (see below) can also test, at least to
some extent, the reliability of older
Pompeian archaeological data relevant to our
study.

The primary contexts

The online companion to Allison’s (2006)
publication of the finds of the Insula of the
Menander (Allison, 2021) provides a first,
fundamental dataset. The database gives a
full list of finds, based on the accurate exam-
ination of the old ‘giornale degli scavi’
(unpublished excavation reports held in the

Table 1. Presence of glass, metal, and ceramics at Pompeii’s Sarno Baths and Tours. The last column
shows how the percentages vary if the number of finds is multiplied by the average specific weight of the
three materials.

Context Material Weight
(g)

%
weight

Number of
finds

% number
of finds

%, number of finds ×
average specific weight

Sarno Baths rubbish
mound, Pompeii

Ceramics 42,854 98.3% 1245 93.5% 89.6%
Glass 313 0.7% 48 3.6% 2.7%
Metals 419 1.0% 38 2.9% 7.7%

Channel dump,
Tours*

Ceramics 360,480 99.1% 13,640 96.6% 94.6%
Glass 340 0.1% 285 2% 1.5%
Metals 3040 0.8% 200 1.4% 3.9%

*The assemblage included 157 further objects, counted as individual items, but their weight was not available.

It is unlikely that their count significantly affected the percentages presented here.
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archives of the Soprintendenza) of the early
twentieth century.
The insula included not only the large

domus (house) of the Menander (Regio I,
Insula 10, Entrance 4), but also smaller
dwellings and tabernae (shops/stalls),
therefore providing a cross-section of the
systemic assemblage of a whole Pompeian
insula. We considered a total of 3581
finds, including 2416 metal finds (67.5
per cent; any multi-material find with
metal parts was counted as one metal
find), 864 ceramic finds (24.1 per cent),
and 301 glass finds (8.4 per cent). The
assemblage comprises a silverware hoard
that certainly belonged to the main
household.
The second context examined is that from

the House of Epidius Primus, a medium-
sized atrium house located in Regio I, Insula
8, excavated in 1938 and 1941. Part of the
assemblage, including bronze and silverware,
was recovered in a wooden box. Again,
examination of the ‘giornale’ made it possible
to publish a list of the finds attributable to
the AD 79 phase of the house (Berry, 1997).
A total of 467 finds included 229 finds of
metal, 102 of glass, and 136 of ceramic. The
percentage of metalware is close to half of
the whole assemblage, ceramics roughly
make up thirty per cent of the finds, and
glass some twenty per cent.
Assemblages recovered in the remaining

part of Regio I, Insula 8, have been pub-
lished by Castiglione Morelli and Vitale
(1989). The insula was investigated in 1912
to a limited extent, and then fully uncovered
between 1936 and 1941. This quarter consti-
tutes a valuable socio-economic sample, as it
includes, besides the House of Epidius
Primus, other medium-sized domus, smaller
dwellings, tabernae, and officinae (workshops).
We discounted some of the published

case studies, either because they returned
very few artefacts (locations may have been
empty at the time of the eruption) or were
insufficiently reliable (failure to recover the

whole assemblage, post-depositional rec-
lamation). Eventually, twelve contexts
were selected: the taberna pomaria (fruit
stall) of Felix, the House of Stephanus,
Taberna 1.8.4, the House of the Indian
Statuette, Taberna 1.8.6, the caupona (inn)
and House of L. Vetutius Placidus, the
hospitium (lodgings) and caupona of
Pulcinella, the stabulum (stable) 1.8.12, the
officina of A. Granius Romanus, the
caupona and officina pigmentaria (paint or
unguent workshop) of N. Fufidius
Successus, the Casa dei Quattro Stili
(House of the Four Styles), and the House
of Balbus. Together they provided 511
finds, including 227 of metal (44.4 per
cent), 185 of ceramic (36.2 per cent), and
ninety-nine of glass (19.4 per cent).
Data are also available for the peri-

urban villa rustica known as Villa Regina
in Boscoreale, located about 1 km outside
the north-western boundary of Pompeii;
this villa was discovered in 1977, and
therefore its data are reliable. In another
nearby villa (at Pisanella), a basket filled
with cullet (waste glass ready to be
recycled) was found in older excavation
campaigns (Keller, 2005: 66). Although
located outside the city walls, Villa Regina
belonged to the Pompeian urban network,
sharing access to its market. Overall, the
villa and its assemblage reflect the life of a
farmer of medium status, well connected
to the intra moenia community. Out of
182 finds (De Caro, 1994), ninety-two are
of metal, eighty-six of ceramic, and four of
glass. This is the lowest percentage of
glassware attested. It must be stressed
that, although there is no bias in the
recovery, metals still make up about half of
the whole assemblage.
From a qualitative point of view, the

vast majority of the 4741 finds selected in
Pompeii for our study consist of whole
items or by fragmented objects that could
be reconstructed to a great degree and
therefore counted as one specimen.
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The rubbish mound south of the Sarno
Baths

In 2016, within the framework of the
project MACH (Multidisciplinary meth-
odological Approaches to Cultural
Heritage) – Pompeii (Artioli et al., 2019),
it became possible to investigate the area
located right in front of the Sarno Baths
façade in Pompeii (Regio VIII, Insula 2,
nos. 17–21), exactly at the boundary of the
plateau hosting the settlement. The area,
sloping southward towards marshland
(Nicosia et al., 2019), had long been used
for dumping waste from the city, until it
was covered by pumice in AD 79 (Furlan
et al., 2019).
For this study, only the rubbish layers

deposited approximately between AD 50
and 79 (context numbers 64, 65, 38, 42,
43, and 41=46) were selected. A total of
1331 finds was considered, including
thirty-eight of metal, forty-eight of glass,
and 1245 of ceramic (Table 1). Glass is
largely represented by small, light sherds,
whereas metal, while less fragmentary,
includes only small specimens (mostly nails,
parts of fibulae, and pins), rarely larger than
a few centimetres (Figure 3). There were
no fragments certainly attributable to metal
vessels, in contrast to the numerous sherds
of ceramic vessels (Figure 4).

Comparative considerations

The primary contexts are highly variable
in their composition, but some main
trends can be detected (Table 2).
The proportion of ceramic finds in

primary contexts ranges from a minimum
of c. twenty-four per cent for the whole
Insula of the Menander to a maximum c.
forty-seven per cent at Villa Regina (mean
34.1 per cent). Glass is attested in lower
quantities and varies greatly (2.2–21.8 per
cent, mean 13 per cent). The presence in

Roman urban assemblages of large
numbers of metal items (44.4–67.5 per
cent, mean 52.9 per cent) may appear sur-
prising. We had anticipated that recovery
strategies and discrepancies in older
reports would result in an over-representa-
tion of precious materials over ceramics,
but the case of Villa Regina seems to indi-
cate that metals were truly an important
part of domestic assemblages. Although
we could not reprocess the whole assem-
blage, gross data reported for vessels in the
House of Iulius Polibius also indicate that
metalware was present in substantial quan-
tities in Pompeian domestic assemblages
(Castiglione Morelli, 1996).
In a house in Regio VI, Insula 13,

Entrance 16, another mid-sized atrium
house, room 9, excavated in 2005, yielded a
small assemblage dated to AD 79 (Mian &
Tiussi, 2009); it included fifteen ceramic
(71 per cent), six metal finds (29 per cent;
one find consisted of three small objects,
which were counted as one), and no glass;
the presence of metal items, although low,
is not negligible for a single room.
The percentage of glass and metal finds

dramatically drops when we turn to the
peri-urban rubbish mounds: metal is repre-
sented by less than three per cent (2.9 per
cent) of the whole assemblage of the Sarno
Baths dump, and glass by less than four per
cent (3.6 per cent), usually consisting of
very small, thin, and light fragments. Apart
from building material, which was not
counted, the assemblage consists largely of
ceramics. The difference between the com-
position of the primary contexts and the
dumping site is thus pronounced, and this
leads us to our first conclusion.
Ceramics make up the vast majority of

archaeological finds in any urban site, but
urban palimpsests are usually composed of
few primary contexts and many secondary
deposits, often derived from rubbish
through reclamation (Dicus, 2014;
Bonetto et al., 2017; Figure 5). The
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relative, systemic presence of ceramics was
clearly much more limited. In other
words, the composition of the rubbish
mound is closer to what can be expected
when digging any archaeological site, but
far from the actual composition of an
urban assemblage.
Our next step was to determine the

reasons for the marked drop in glass and
metal in communal dumps. This dramatic
change, also reflected in the state of the
artefacts (from whole items to fragments),
suggests that different replacement ratios
cannot alone be responsible for this drop:
if this were case, the dump would have
contained old, but still largely whole,
metal vessels. But, before discussing the
reasons for this phenomenon, we will con-
sider whether the picture that emerges
from Pompeii is reflected on other urban
sites in the Roman Empire.

COMPARATIVE CASE STUDIES

To investigate whether the pattern
detected at Pompeii is an anomaly or
reflects a broader trend, we needed to
bring other case studies into play. Again,
the lack of published quantitative data
limits the contexts we could study, par-
ticularly primary contexts, as undisturbed
destruction layers are rare in urban sites.
By widening the geographical and tem-
poral focus, it is nevertheless possible to
gather a reasonable amount of comparative
evidence.

Primary contexts

The obvious counterpart for the Pompeian
assemblages is represented by Herculaneum.
Unfortunately, again, published quantitative
data are rare and very early archaeological

Figure 3. The glass and metal assemblage from the Sarno Baths dump in Pompeii.
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investigations in the eighteenth century, con-
ducted by tunnelling, make some assem-
blages unreliable. Even some more recent
accounts, based on the ‘giornale degli scavi’,
seem suspicious. The complete publication
of the Casa dei Cervi (House of the Stags)
presents all the material recovered during the
excavations of 1930 (Tran, 1988), excluding
what was recovered during the eighteenth
century. Leaving aside a few dubious cases,

where the attribution to the house was
uncertain, the material of interest includes
forty-one ceramic (77.3 per cent), nine metal
(17 per cent), and three glass (5.7 per cent)
finds. One of the metal finds is a whole,
large bronze bathtub. No small finds or coins
are reported, nor any iron items; their pres-
ence in a large, rich house is more than prob-
able and we must conclude that for some
reason they were not recovered or recorded.

Figure 4. A small sample of the ceramics recovered in the Sarno Baths dump.

Table 2. Proportions of glass, metal, and ceramics in primary contexts at Pompeii, compared with
corresponding proportions from the Sarno Baths dump.

Pottery & terracotta Glass Metals

Insula of the Menander 24.1% 8.4% 67.5%

House of Epidius Primus 29.1% 21.8% 49%

Other buildings in Regio I, Insula 8 36.2% 19.4% 44.4%

Boscoreale, Villa Regina 47.3% 2.2% 50.5%

Mean primary contexts 34.1% 13% 52.9%

Sarno Baths rubbish mound 93.5% 3.6% 2.9%
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The Casa del Colonnato Tuscanico
(House of the Tuscan Colonnade), although
excavated in 1960 and 1961 and published
in 1974, had been heavily tunnelled during
the eighteenth century (Cerulli Irelli, 1974:
12). Among the finds presented, several
metal items are included, but no glass. This
clearly contrasts with what is preserved in
the local antiquarium, where glass vessels
are said to represent more than thirty per
cent of all vessels (note that this refers to
vessels, not finds; Scatozza Höricht, 1986:
22; see also de Kind, 1998). J.P. Morel
(1984) had already stressed the importance
of glass in the Vesuvian households, and
there seems little doubt that in
Herculaneum, too, metal and glass repre-
sented a relevant part of a typical systemic
assemblage, although accurate quantification
is difficult.
Apart from the Vesuvian sites, sealed

primary contexts with little post-deposi-
tional activity are extremely rare, and
among these, those excavated in a signifi-
cant proportion and fully published are
even fewer. The so-called Earthquake
House at Kourion in Cyprus, although

later in date, is a notable exception. The
Earthquake House, so named because a
dramatic earthquake at the end of the
fourth century AD demolished it and
effectively sealed its assemblage, is an
urban dwelling that was almost completely
excavated in 1934-35 and between 1984
and 1987. The pre-earthquake assemblage
has been fully studied and published by
Costello IV (2014). In total, 188 finds
were included in our study, namely 121
ceramic, fifty-three metal (as usual,
excluding coins), and fourteen glass finds.
The percentage of glass and metal finds

is lower than the mean value attested in
Pompeii. It is difficult to ascertain the
reasons for this difference. However, from
the perspective of our work, metal and
glass items are still an extremely relevant
part of the dwelling’s everyday assemblage.
As usual, the artefacts were largely com-
plete or could be reconstructed.
In Jerash (Gerasa, Jordan) an earth-

quake sealed a dwelling in the so-called
Northwest Quarter in AD 749; the house
is not fully excavated, but the investigation
of a few rooms (Lichtenberger et al.,

Figure 5. The ‘cycle of rubbish’: after selecting what could be reused, waste was discarded outside the
urban boundaries. When extramural materials (and sediments) were reclaimed, they re-entered the city,
forming secondary deposits. The actual, systemic presence of glass and metal is, therefore, not reflected by
these deposits.
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2016) revealed part of an undisturbed
assemblage in use at the time of the earth-
quake. We included this context in our
study because, in the light of forms of
continuity characterizing aspects of urban
living in the former Roman Empire at
least until the early Islamic period (the so-
called ‘long Late Antiquity’), it is worth
considering whether the composition of a
later domestic assemblage differs markedly
or not from the assemblages of earlier
periods.
Given that the building has not been

fully excavated, the small sample may not
be representative of the whole: out of
fifty-eight (complete or reconstructible)
finds, thirty-nine are metal, fifteen are
ceramic, and four are glass. The propor-
tion of metalware and ceramics is nearly
reversed compared to Kourion’s
Earthquake House, whereas the percent-
age of glass is substantially unchanged.
The proportions appear very similar to
those of the Insula of the Menander:
metals are a relevant part of the domestic
assemblage, and glass forms a small but
appreciable part of it. Overall, the ten-
dency discernible in Late Roman and
post-Roman assemblages (Table 3) is
broadly in line with what has been
observed on the Vesuvian sites.

Urban dumps

Urban dumps are still rarely explicitly tar-
geted by archaeological investigations.
Nonetheless, they were so ubiquitous that
fieldwork occasionally intercepts these pre-
cious deposits. Some assemblages have
been published (see Table 4), and they can
be used to test what has been observed in
the Pompeian dump at the Sarno Baths.
Within a programmed emergency exca-

vation in 1990–91, part of a peri-urban
channel was excavated in Tours in western
France (Dubant, 2003). Extramural

watercourses were privileged targets for
dumping activities, and Tours was no
exception. Part of the channel bed was
filled with rubbish between the end of the
first century AD and the beginning of the
following century. As shown in Table 1,
the excavation produced a considerable
quantity of material, largely consisting of
ceramics (96.6 per cent), with metal and
glass minimally represented (respectively
1.4 per cent and 2 per cent).
Typically, dumps were located right

against the city walls, as in Pompeii. This
was the case of Baelo Claudia in southern-
most Spain, where a large dumping area
stretched along the outer perimeter of the
south-eastern city walls (Bernal Casasola
et al., 2011). The assemblage included
3869 finds, with 3380 ceramic, 326 glass
and 163 metal finds. The percentage of
ceramic finds, although still extremely
high (87.4 per cent), is noticeably lower

Table 4. Proportions of glass, metal, and ceram-
ics in the comparative dumping sites examined.

Pottery &
terracotta

Glass Metals

Tours 96.6% 2% 1.4%

Baelo Claudia 87.4% 8.4% 4.2%

Aquileia - Anfora 97.1% 2.6% 0.3%

Armea 96.8% 1% 2.2%

Mean comparative
dumps

94.5% 3.5% 2%

Table 3. Proportion of glass, metal, and ceramics
in Kourion and Jerash.

Pottery &
terracotta

Glass Metals

Earthquake House
(Kourion)

64.4% 7.4% 28.2%

Earthquake House
(Jerash)

25.9% 6.9% 67.2%

Mean comparative
primary contexts

45.2% 7.2% 47.7%
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than expected, and glass is particularly well
attested.
A third context is represented by the fill

of an extramural artificial waterway at
Aquileia, on the Adriatic coast in north-
eastern Italy. For a long period, approxi-
mately between the later first century BC

and the beginning of the fourth century
AD, part of the canal was used to dump
rubbish (Bonetto et al., 2020). The exten-
sive publication of the finds (Maggi et al.,
2018) makes it possible to include 2674
finds in our study, i.e. 2596 ceramic, sixty-
nine glass and only nine metal finds. The
percentages are very similar to those from
Tours and Pompeii. The incidence of
metal is, however, the lowest observed.
Finally, it was possible to evaluate the

presence of glass and metal finds in the
dumping site of a smaller centre, the
Galaico-Roman site of Armea in Galicia.
Here, a large quarry pit was filled with
rubbish dated to between the end of the
first century and the beginning of the
second century AD. Out of 6122 finds, only
139 were of metal and fifty-nine of glass,
whereas 5924 (about 96 per cent) were cer-
amics (see Rodríguez Nóvoa et al., 2019).
In sum, the data emerging from the

examination of four dumping sites are
consistent with what has been observed in
Pompeii, strongly suggesting that
extremely low percentages of glass and
metal finds, as well as their fragmented
state and small size, are the norm, the
output of a systematic and widespread
mechanism. Although it was not possible
to fully quantify the data, similar patterns
emerge from urban dumps in other major
sites. A pre-AD 70 dump in Jerusalem
(Bar-Oz et al., 2007) contained negligible
quantities of metal and glass (although
partial disintegration of thin glass may
have played a role); and a second-century
AD dump from the slopes of the
Gianicolo, in Rome, also produced similar
results (Filippi, 2008).

DISCUSSION

The difference between the incidence of
metal and glass in sealed urban primary con-
texts and in urban dumps is clear (Table 5,
Figure 6). Whereas, in contexts that reflect
the actual assemblages in use, metals make
up about half the assemblage and glass
about one tenth, dumped materials contain
more than ninety per cent of ceramics.
While the percentage of glass decreases to a
lesser extent, the drop in the incidence of
metal items is dramatic. Expressing the
same data in terms of weight, the drop
would be even more pronounced. The sub-
stantial difference between urban primary
contexts and urban dumps (or, to simplify,
between consumption and discard) can be
ascribed to different replacement ratios and
to recycling.
At this point, we need to consider the

state of preservation of the finds. In
primary contexts, the finds are mostly
either complete or conjoinable. In
dumping sites, glass is mainly fragmentary,
and metal consists of small items or frag-
ments, indicating that they went through
a process of selection. If longer replace-
ment ratios alone were responsible for the
low incidence of glass finds, then older,
but still largely conjoinable, items should
be recovered together with the ceramics.
This is clearly not the case.
Concerning metals, we expected their

lower breakage ratio to lead to underesti-
mating their presence in dumps. However,
what is usually recovered in dumps is small

Table 5. Global comparison of the proportions of
glass, metal, and ceramics in primary contexts
and in dumping sites.

Pottery &
terracotta

Glass Metals

Mean all primary
contexts

39.6% 10.1% 50.3%

Mean all dumps 94% 3.5% 2.5%
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metal finds with low, although not absent,
fragmentation. Metal vessels, usually larger
(cauldrons, jugs, cups, etc.), were not recov-
ered as complete objects and their frag-
ments counted as one find. Wherever it
could be ascertained (in Pompeii, Armea,
Aquileia, and Baelo Claudia), they were
simply absent, which implies that there is
no bias owed to fragmentation.
We are left with only one reasonable

explanation: a large part of what is missing
was systematically remelted. The glass and

metal we find in dumps is what escaped
the collection of recyclable materials, an
apparently exceptionally effective process.
This appears to confirm what the few avail-
able written sources tell us. For glass, we
know about the existence of a network of
collectors who exchanged cullet for sulphur
sticks (Leon, 1941; Whitehouse, 1999),
and it has been suggested, based on the
Edictum de Pretiis (Edict of Prices issued by
Diocletian in AD 301), that glassblowing
could barely survive without systemically

Figure 6. Summary graphs. a: varying percentages of glasses, metals, and ceramics in the contexts
examined (circle=primary context in situ; square=dumping site); b: overall difference in the percentage
of glass, metals, and ceramics between primary contexts in situ and dumping sites.
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recycled cullet (Stern, 1999). In Pompeii
before AD 79, the occurrence of glass recyc-
ling is also confirmed by archaeometric
analyses (Brill, 2012), although an exhaust-
ive study is still missing.
A network of collectors selected out of

the waste stream anything that could be
reused, and this activity was integrated
into the productive system. Indeed, the
less glass and metal is attested in dumps,
the more the recycling system was effect-
ive, and the production chain wasted fewer
reusable resources. Comparing this effect-
iveness in different sites may be more dif-
ficult: was the management of recyclable
materials more efficient in Aquileia than
in Baelo Claudia, or was Baelo Claudia,
on average, richer in glass and metal
items? Did this depend on different access
to primary resources? A more systematic
comparative study of primary deposits and
dumping sites may provide answers to
such questions.

CONCLUSIONS

Our study indicates that the impact of
recycling on the economy of Roman
towns was substantial: metal and glass
reached dumping sites in minimal propor-
tions, strongly suggesting that these mate-
rials were extensively recycled. The
occurrence of multiple episodes of remelt-
ing makes the figures that have emerged
from our analysis a minimum threshold,
i.e. that the effectiveness of recycling was
even greater. Our results further suggest
that the traditional assumption that recyc-
ling is combined with economic decline
should be put aside; future research ought
to start from the assumption that an
effective use of resources and the reduction
of waste were intrinsic to the economy of
Roman towns in any period (see Downs
& Medina, 2000: 34; Holleran, 2012:
220).

We also found that a typical urban
assemblage contained much more glass and
metal than one would expect from examin-
ing rubbish dumps or secondary layers. To
put it another way, our reasoning about
urban dynamics is heavily influenced by
ancient recycling, and the importance of
ceramics is more archaeological than sys-
temic (sensu Schiffer, 1972).
Our study was mainly limited by the

scarcity of well-published quantitative data
from suitable deposits: in future, the avail-
ability of more datasets (e.g. the weight of
different classes of artefacts) may throw
more light on the effectiveness of recyc-
ling. For instance, understanding regional
and chronological variations would permit
a better appreciation of the economic role
of recycling in relation to the availability
of raw materials. In our analysis, we iden-
tified a general trend, but even that makes
it clear that ‘waste nothing’ was common-
place in Roman towns.

ACKNOWLEDGEMENTS

This work was supported by the Danish
National Research Foundation under
grant DNRF119 – Centre of Excellence
for Urban Network Evolutions (UrbNet).
The project MACH – Pompeii was
funded through the Progetto Strategico
dell’Università di Padova (Bando 2011,
prot. STPD11B3LB). The authors wish
to thank R. Raja, C. Boschetti, R. Garth
Jones, and J. Bonetto for helpful and
stimulating discussions on the topic. They
are also grateful to Maria Coto-Sarmiento
for her help, Alba Antía Rodríguez Nóvoa
for kindly supplying unpublished data and
discussing the evidence from Armea,
Spain, and the anonymous reviewers and
the editors for their constructive com-
ments. GF designed the research; CA
studied the unpublished assemblage from
the Sarno Baths; GF drafted sections 1, 2,

Furlan & Andreatta – Glass and Metal Recycling in Roman Towns 481

https://doi.org/10.1017/eaa.2023.25 Published online by Cambridge University Press

https://doi.org/10.1017/eaa.2023.25


and 4. GF and CA drafted sections 3 and
5. The tables were compiled by GF and
edited by CA; CA designed figures 3 and
4; GF designed figures 1, 5, and 6; both
authors collaborated on the revision of the
manuscript.

REFERENCES

Allison, P.M. 2006. The Insula of the
Menander in Pompeii Volume 3: The Finds,
a Contextual Study. Oxford: Oxford
University Press,

Allison, P.M. 2021. Dataset accompanying
Allison, 2006 [online] [accessed 7 June
2023]. Available at: <https://leicester.
figshare.com/articles/dataset/
Insula_of_the_Menander_at_Pompeii/
14494557>

Artioli, G., Ghedini, E.F., Modena, C.,
Bonetto, J. & Busana M.S. 2019.
Foreword: The MACH Project and the
Case Study of the Sarno Baths in Pompeii.
Journal of Cultural Heritage, 40: 228. https://
doi.org/10.1016/j.culher.2019.08.001

Ballet, P., Cordier, P. & Dieudonné-Glad, N.
eds. 2003. La ville et ses déchets dans le
monde romain: rebuts et recyclages. Actes du
Colloque de Poitiers (19–21 septembre
2002). Montagnac: Monique Mergoil.

Bar-Oz, G., Bouchnik, R., Weiss, E.,
Weissbrod, L., Bar-Yosef Mayer, D.E. &
Reich, R. 2007. ‘Holy Garbage’: A
Quantitative Study of the City-Dump of
Early Roman Jerusalem. Levant, 39: 1–12.
https://doi.org/10.1179/lev.2007.39.1.1

Bavuso, I., Furlan, G., Intagliata, E. &
Steding, J. forthcoming. Economic
Circularity in the Roman and Early
Medieval Worlds. Oxford: Oxbow.

Beck, M.E. 2006. Midden Ceramic
Assemblage Formation: A Case Study
from Kalinga, Philippines. American
Antiquity, 71: 27–51. https://doi.org/10.
2307/40035320

Berg, R. 2019. Distribution Patterns. In: R.
Berg & I. Kuivalainen, eds. Domus
Pompeiana M. Lucretii IX 3, 5.24: The
Inscriptions, Works of Art and Finds from
the Old and New Excavations. Vantaa:
Societas Scientiarum Fennica, pp. 54–67.

Berg, R. & Kuivalainen, I. eds. 2019. Domus
Pompeiana M. Lucretii IX 3, 5.24: The

Inscriptions, Works of Art and Finds from
the Old and New Excavations. Vantaa:
Societa Scientiarum Fennica.

Bernal Casasola, D., Arévalo González, A.,
Muñoz Vicente, A., García Jiménez, I.,
Bustamante Álvarez, M. & Sáez Romero,
A.M. 2011. Baelo Claudia. In: J.A.
Remolà Vallverdú & J. Acero Pérez, eds.
La gestión de los residuos urbanos en
Hispania: Xavier Dupré Raventós (1956–
2006), In Memoriam. Mérida: Instituto de
Arqueología de Mérida, pp. 65–92.

Berry J. 1997. Household Artefacts: Re-
Interpreting Roman Domestic Space. In:
R. Laurence & A. Wallace-Hadrill, eds.
Domestic Space in the Roman World:
Pompeii and Beyond (Journal of Roman
Archaeology Supplementary Series 22).
Portsmouth (RI): Journal of Roman
Archaeology, pp. 183–95.

Bonetto, J., Furlan G. & Ghiotto, A.R. 2017.
Problematiche e potenzialità informative
dei materiali residui in contesti archeologici
urbani. I depositi pluristratificati dell’area
del foro di Nora. In: M. Cupitò, M. Vidale
& A. Angelini, eds. Beyond Limits: Studi in
onore di Giovanni Leonardi. Padova: Padova
University Press, pp. 61–87.

Bonetto, J., Furlan G., Ghiotto A.R. &
Missaglia, I. 2020. Il canale Anfora e il
centro urbano di Aquileia: osservazioni cro-
nologiche alla luce di nuovi dati. Journal of
Ancient Topography, 30: 175–202.

Bray, P. 2020. Modelling Roman Concepts of
Copper-Alloy Recycling and Mutability:
The Chemical Characterization
Hypothesis and Roman Britain. In: C.N.
Duckworth & A. Wilson, eds. Recycling
and Reuse in the Roman Economy. Oxford:
Oxford University Press, pp. 237–64.

Brill, R. 2012. Chemical Analyses of Some
Glasses from Pompeii. In: L.A. Scatozza
Höricht, ed. L’instrumentum vitreum di
Pompei. Roma: Aracne, pp. 373–401.

Castiglione Morelli, V. 1996. La ceramica
comune nell’instrumentum domesticum
della casa di C. Giulio Polibio a Pompei.
In: M. Bats, ed. Les céramiques communes
de Campanie et de Narbonnaise. La vaisselle
de cuisine et de table, Actes des journées
d‟étude organisées par le Centre Jean Bérard
et la Soprintendenza Archeologica per le
province di Napoli e Caserta, Naples 27–28
Mai 1994. Naples: Centre Jean Bérard,
pp. 105–12.

482 European Journal of Archaeology 26 (4) 2023

https://doi.org/10.1017/eaa.2023.25 Published online by Cambridge University Press

https://leicester.figshare.com/articles/dataset/Insula_of_the_Menander_at_Pompeii/14494557
https://leicester.figshare.com/articles/dataset/Insula_of_the_Menander_at_Pompeii/14494557
https://leicester.figshare.com/articles/dataset/Insula_of_the_Menander_at_Pompeii/14494557
https://leicester.figshare.com/articles/dataset/Insula_of_the_Menander_at_Pompeii/14494557
https://leicester.figshare.com/articles/dataset/Insula_of_the_Menander_at_Pompeii/14494557
https://doi.org/10.1016/j.culher.2019.08.001
https://doi.org/10.1016/j.culher.2019.08.001
https://doi.org/10.1016/j.culher.2019.08.001
https://doi.org/10.1179/lev.2007.39.1.1
https://doi.org/10.1179/lev.2007.39.1.1
https://doi.org/10.2307/40035320
https://doi.org/10.2307/40035320
https://doi.org/10.2307/40035320
https://doi.org/10.1017/eaa.2023.25


Castiglione Morelli, V. & Vitale, R. 1989.
L’insula 8 della Regio I: un campione d’in-
dagine socio-economica. Rivista di Studi
Pompeiani, 3: 185–221. https://doi.org/10.
1400/262619

Cerulli Irelli, G. 1974. La Casa “del colonnato
tuscanico” ad Ercolano. Napoli: Gaetano
Macchiaroli.

Chameroy, J. & Guihard, P-M. eds. 2016.
Produktion und Recyceln von Münzen in der
Spätantike / Produire et recycler la monnaie au
Bas-Empire. Internationales Numismatikertreffen
/ Rencontres internationales de numismatique
(15–16 mai 2014, Mainz). Mainz: Römisch-
Germanisches Zentralmuseum.

Coralini, A. ed. 2018. Pompei, Insula IX 8:
Vecchi e nuovi scavi (1879–). Bologna:
Ante Quem.

Costello IV, B. 2014. Architecture and Material
Culture from the Earthquake House at
Kourion, Cyprus (British Archaeological
Reports International Series 2635).
Oxford: Archaeopress. https://doi.org/10.
30861/9781407312729

Davison, S. 2003. Conservation and Restoration
of Glass. Oxford: Butterworth-Heinemann.

De Caro, S. 1994. La villa rustica in località
Villa Regina a Boscoreale. Roma: G.
Bretschneider.

de Kind, R.E.L.B. 1998. Houses in
Herculaneum: A New View on the Town
Planning and the Building of Insulae III
and IV. Amsterdam: J.C. Gieben.

Dicus, K. 2014. Resurrecting Refuse at
Pompeii: The Use-Value of Urban Refuse
and its Implications for Interpreting
Archaeological Assemblages. In: H. Platts,
J. Pearce, C. Barron, J. Lundock & J. Yoo,
eds. TRAC 2013: Proceedings of the
Twenty-Third Annual Theoretical Roman
Archaeology Conference. Oxford: Oxbow,
pp. 56–69.

Downs, M. & Medina, M. 2000. A Short
History of Scavenging. Comparative
Civilizations Review, 42: 23–45.

Dubant, D. 2003. Une décharge publique gallo-
romaine (fin Ier-début IIe s. ap. J.-C.) à
Tours (Indre-et-Loire, France). In: P.
Ballet, P. Cordier & N. Dieudonné-Glad,
eds. La ville et ses déchets dans le monde
romain : rebuts et recyclages. Actes du Colloque
de Poitiers (19–21 septembre 2002).
Montagnac: Monique Mergoil, pp. 165–80.

Duckworth, C.N. 2020. Seeking the New
Approaches to Roman Glass Recycling.

In: C.N. Duckworth & A. Wilson, eds.
Recycling and Reuse in the Roman
Economy. Oxford: Oxford University
Press, pp. 301–56.

Duckworth, C.N. & Wilson, A. eds. 2020.
Recycling and Reuse in the Roman Economy.
Oxford: Oxford University Press.

Filippi, D. ed. 2008. Horti et sordes – Uno scavo
alle falde del Gianicolo. Roma: Quasar.

Freestone, I.C. 2015. The Recycling and Reuse
of Roman Glass: Analytical Approaches.
Journal of Glass Studies, 57: 29–40.

Furlan, G. 2017. When Absence Means
Things Are Going Well: Waste Disposal
in Roman Towns and its Impact on the
Record as Observed in Aquileia. European
Journal of Archaeology, 20: 317–45. https://
doi.org/10.1017/eaa.2016.7

Furlan, G. 2023. Aspects of Circular Economy
on an Urban and Inter-urban Scale in the
Roman Age: Towards a More Holistic
Model. Thiasos, 12: 341-66.

Furlan, G., Bonetto, J. & Nicosia, C. 2019.
The Excavation of the Sequence Preserved
in Front of the Façade of the Sarno Baths,
Pompeii. Journal of Cultural Heritage, 40:
324–32. https://doi.org/10.1016/j.culher.
2019.04.019

Grose, D.F. 2017. The Hellenistic, Roman and
Medieval Glass from Cosa. Ann Arbor
(MI): University of Michigan Press.

Hayden, B. & Cannon, A. 1983. Where the
Garbage Goes: Refuse Disposal in the
Maya Highlands. Journal of Anthropological
Archaeology, 2: 117–63. https://doi.org/10.
1016/0278-4165(83)90010-7

Holleran, C. 2012. Shopping in Ancient Rome:
The Retail Trade in the Late Republic and the
Principate. Oxford: Oxford University Press.

Jackson, C. & Paynter, C. 2022. Baubles,
Bangles and Beads: Recycling Coloured
Glasses in the British Iron Age and
Roman Periods. Archaeometry, 64: 150–67.

Keller, D. 2005. Social and Economic Aspects
of Glass Recycling. In: J. Bruhn, B.
Croxford & D. Grigoropoulos, eds. TRAC
2004: Proceedings of the Fourteenth Annual
Theoretical Roman Archaeology Conference,
Durham 2004. Oxford: Oxbow, pp. 65–78.

Larson, K.A. 2019. Cheap, Fast, Good: The
Roman Glassblowing Revolution
Reconsidered. Journal of Roman
Archaeology, 32: 7–22.

Leon, H.J. 1941. Sulphur for Broken Glass
(Martial 1.41.3–5). Transactions and

Furlan & Andreatta – Glass and Metal Recycling in Roman Towns 483

https://doi.org/10.1017/eaa.2023.25 Published online by Cambridge University Press

https://doi.org/10.1400/262619
https://doi.org/10.1400/262619
https://doi.org/10.1400/262619
https://doi.org/10.30861/9781407312729
https://doi.org/10.30861/9781407312729
https://doi.org/10.30861/9781407312729
https://doi.org/10.1017/eaa.2016.7
https://doi.org/10.1017/eaa.2016.7
https://doi.org/10.1017/eaa.2016.7
https://doi.org/10.1016/j.culher.2019.04.019
https://doi.org/10.1016/j.culher.2019.04.019
https://doi.org/10.1016/j.culher.2019.04.019
https://doi.org/10.1016/0278-4165(83)90010-7
https://doi.org/10.1016/0278-4165(83)90010-7
https://doi.org/10.1016/0278-4165(83)90010-7
https://doi.org/10.1017/eaa.2023.25


Proceedings of the American Philological
Association, 72: 233–36.

Lichtenberger, A., Raja, R., Eger, C.,
Kalaitzoglou, G. & Højen Sørensen, A.
2016. A Newly Excavated Private House in
Jerash: Reconsidering Aspects of
Continuity and Change in Material
Culture from Late Antiquity to the Early
Islamic Period. Antiquité Tardive, 24: 317–
59. https://doi.org/10.1484/J.AT.5.112632

Maggi, P., Maselli Scotti, F., Pesavento
Mattioli S. & Zulini E. eds. 2018.
Materiali per Aquileia – Lo scavo di Canale
Anfora (2004–2005). Trieste: Editreg.

Mian, G. & Tiussi, C. 2009. Indagini strati-
grafiche 2005. In: M. Verzár-Bass & F.
Oriolo, eds. Rileggere Pompei. II. L’insula
13 della Regio VI. Roma: L’Erma di
Bretschneider, pp. 439–53.

Morel, J.P. 1984. La ceramica e il vetro. In: F.
Zevi, ed. Pompei 79. Raccolta di studi per il
decimonono centenario dell’eruzione vesuvi-
ana. Napoli: Macciaroli, pp. 241–64.

Needham, S. & Spence, T. 1997. Refuse and the
Formation of Middens. Antiquity, 71: 77–90.
https://doi.org/10.1017/S0003598X00084568

Nicosia, C., Bonetto, J., Furlan, G. &
Musazzi, S. 2019. The Pre-79 CE Alluvial
Environment South of Pompeii’s City
Walls. Geoarchaeology, 34: 727–44. https://
doi.org/10.1002/gea.21737

Peña, J.T. 2007. Roman Pottery in the
Archaeological Record. New York:
Cambridge University Press.

Pollard, A.M., Bray, P., Gosden, C., Wilson,
A. & Hamerow, H. 2015. Characterising
Copper-Based Metals in Britain in the
First Millennium AD: A Preliminary
Quantification of Metal Flow and
Recycling. Antiquity, 89: 697–713. https://
doi.org/10.15184/aqy.2015.20

Raventós, X.D. & Remolà, J.A. eds. 2000. Sordes
Urbis: la eliminación de residuos en la ciudad
romana. Roma: L’Erma di Bretschneider.

Rodríguez Nóvoa, A.A., Valle Abad, P. &
Fernández Fernández, A. 2019. Contextos
cerámicos de la segunda mitad del s. I e
inicios del s. II de la “cibdá” galaico-
romana de Armena (Ourense). In: J. Coll
Conesa, ed. Opera fictiles: estudios transver-
sales sobre cerámicas antiguas de la península
ibérica. IV Congreso Internacional de la
SECAH-Ex Officina Hispana, Valencia, del

26 al 28 de abril de 2017. Vol. 1. Valencia:
La Ergástula, pp. 183-202.

Scatozza Höricht, L.A. 1986. I vetri romani di
Ercolano. Roma: L’Erma di Bretschneider.

Schiffer, M.B. 1972. Archaeological Context
and Systemic Context. American Antiquity,
37: 156–65. https://doi.org/10.2307/278203

Schiffer, M.B. 1996. Formation Processes of the
Archaeological Record. Salt Lake City (UT):
University of Utah Press.

Siddall, R. 2011. From Kitchen to Bathhouse:
The Use of Waste Ceramics as Pozzolanic
Additives in Roman Mortars. In: Å.
Ringbom & R.L. Hohlfelder, eds.
Building Roma Aeterna: Current Research
on Roman Mortar and Concrete. Helsinki:
Societas Scientiarum Fennica, pp. 152–68.

Sigges, B. 2001. Vita cognita. Die Ausstattung
pompejanischer Wohnhäuser mit Gefäßen
und Geräten untersucht an ausgewählten
Beispielen (unpublished PhD dissertation,
University of Cologne). Available at:
<https://kups.ub.uni-koeln.de/637/1/
11w1380.pdf>

Stern, E.M. 1999. Roman Glassblowing in a
Cultural Context. American Journal of
Archaeology, 103: 441–84. https://doi.org/
10.2307/506970

Tran, V. Tam Tinh. 1988. La Casa dei Cervi a
Herculaneum (Archaeologica 74). Roma:
G. Bretschneider.

Whitehouse, D. 1999. Glass in the Epigrams of
Martial. Journal of Glass Studies, 41, 73-81.

BIOGRAPHICAL NOTES

Guido Furlan is a post-doctoral researcher
at the Centre for Urban Network
Evolutions, Aarhus University. His main
interests are Roman archaeology and
methodological issues concerning the
study of ancient cities, including the
dating of contexts and rubbish manage-
ment. He has participated in several exca-
vation campaigns in Italy, Greece, and
Austria.

Address: Centre for Urban Network
Evolutions (UrbNet), Aarhus University,

484 European Journal of Archaeology 26 (4) 2023

https://doi.org/10.1017/eaa.2023.25 Published online by Cambridge University Press

https://doi.org/10.1484/J.AT.5.112632
https://doi.org/10.1484/J.AT.5.112632
https://doi.org/10.1017/S0003598X00084568
https://doi.org/10.1017/S0003598X00084568
https://doi.org/10.1002/gea.21737
https://doi.org/10.1002/gea.21737
https://doi.org/10.1002/gea.21737
https://doi.org/10.15184/aqy.2015.20
https://doi.org/10.15184/aqy.2015.20
https://doi.org/10.15184/aqy.2015.20
https://doi.org/10.2307/278203
https://doi.org/10.2307/278203
https://kups.ub.uni-koeln.de/637/1/11w1380.pdf
https://kups.ub.uni-koeln.de/637/1/11w1380.pdf
https://kups.ub.uni-koeln.de/637/1/11w1380.pdf
https://doi.org/10.2307/506970
https://doi.org/10.2307/506970
https://doi.org/10.2307/506970
https://doi.org/10.1017/eaa.2023.25


School of Culture and Society, Moesgård
Allé 20, 8270 Højbjerg, Denmark. [email:
g.furlan@cas.au.dk; guido.furlan@hotmail.
it]. ORCiD: 0000-0002-9736-7954.

Chiara Andreatta is currently a PhD
student in history, criticism, and conserva-
tion of cultural heritage at the University
of Padova, with a project dedicated to the

study of the urban development of the so-
called Insula Meridionalis in Pompeii. For
several years she has studied the Roman
ceramics at Nora (Sardinia) and Pompeii.

Address: Dipartimento dei Beni Culturali,
Università degli Studi di Padova, Piazza
Capitaniato 7, 35139 Padova, Italy.
[email: chiara.andreatta.1@phd.unipd.it].
ORCiD: 0000-0002-4321-8128.

Pas de gâchis : le recyclage du verre et des métaux dans les villes de l’Empire
romain

Dans cet article sur l’efficacité du recyclage du verre et des métaux dans les villes romaines, les auteurs
comparent les gisements primaires (contextes fermés reflétant ce qui était utilisé dans ces villes) aux
dépotoirs. Ces derniers ne contenaient que peu de verre et de métal. Bien que les taux de remplacement
et les indices de fragmentation aient influencé la composition des ensembles provenant des dépotoirs, le
recyclage semble avoir joué un rôle fondamental, réintroduisant efficacement dans la chaîne de produc-
tion la majorité du verre et du métal avant qu’on s’en débarrassât définitivement. Les études de cas
présentées (Pompéi, autres sites) indiquent que le recyclage était courant et que c’était une pratique
efficace et systématique faisant partie intrinsèque de l’économie des villes romaines. Translation by
Madeleine Hummler

Mots-clés: archéologie romaine, archéologie urbaine, économie romaine, recyclage, verre, métal

Nichts verschwenden: der Einfluss der Wiederverwertung von Glas und Metall in
den Städten des Römischen Reiches

Die Verfasser dieses Artikels untersuchen die Effektivität der Wiederverwertung von Glas und Metall
in römischen Städten. Der Vergleich von geschlossenen Befunden (welche, was in diesen Städten geb-
raucht wurde, widerspiegeln) mit Abfalldeponien zeigt, dass die Letzteren sehr wenig Glas und Metall
enthielten. Obschon unterschiedliche Wiederverwertungs- und Fragmentierungsverhältnisse auf die
Zusammensetzung der Befunde in den Abfalldeponien einwirkten, scheint es, dass die
Wiederverwertung eine grundsätzliche Rolle gespielt hat und dass die meisten Glas- und Metallteilen
sehr effektiv in die produktive Kette wiedereingegliedert wurden, bevor sie schließlich weggeworfen
wurden. Fallstudien aus Pompeji und anderen Fundstätten lassen darauf schließen, dass die
Wiederverwertung gängig war. Sie soll also als eine effektive und systematische Praxis angesehen
werden, welche die Wirtschaft der römischen Städten prägte. Translation by Madeleine Hummler

Stichworte: römische Archäologie, Stadtarchäologie, römische Wirtschaft, Wiederverwertung,
Glas, Metall
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