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Abstract

This thesis investigates living conditions and health during the Industrial Revolution
(17501850) in two industrial towns in the north of England, Manchester and Halifax,
through the medium of human dental calculus. This research employs established
methals of micredebris analysis, observed in dental calculus, in conjunction with
skeletal analysis, comparison with other contemporary skeletal populations, and
historical documentation. Quantitative and qualitative analyses of debris trapped in
the mouths ofndividuals allows for direct observation of particles ingested by the
individual, a pseudoin situ observation which compliments and enhances
understanding of the lived experience in the past. Unexpected direct observation of
food adulterants and fungavidence of substandard housing and food staegsals

the extent of pervasive adulteration and low hygiene levels in all types of housing.
Skeletal analyses and dietary documentation confirm the poor state of health for all
socioeconomic levels, but sb reveals that residents of Halifax were healthier than

all contemporary populations.
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Introduction

Humans are the masters of their own environment, shaping the landscape, creating their own
food sources through plant and animal domestication, and most importantly manufacturing
individual environmen® our home8 to shelter us from the outside world. Home gius a
sense of safety and separation from what goe
to creep in: pollution, spores and pollen, insects and parasites, and disease infiltrate houses
affecting the inhabitants. This can all be observed aalbgically as micralebris, and in the

case of this research, miedebris extracted from human calcuusalcified dental plaguie

visually with the aid of optical microscopy. This research features the examination of micro
debris quantified from two cemete populations living at the dawn of the Industrial
Revolution in the north of England: Square Chapel in Halifax, West Yorkshire-(&31),

and Cross Street Chapel in Manchester, Lancashire {(11§83), the dates of which indicate

the dates of burial recded for individuals buried in the cemeteries. This is the first study
which aims to examine all micidebri® including dietary and environmental delriffom

the PostMedieval period (after 1500 A.D.) which has so far been neglected; most calculus
studiesso far encompassing earlier time periods with fewer documentary sources. With this
in mind, the wealth of documentation available for this period will be used to assist in the
interpretation of all observed micaebris which could be related to variowsarios such

as: housing, craft and occupational activities, dietary elements, contaminants, and potentially
technological advancements in food production. Scientific and microscopical documents from
the eighteenth and nineteenth centuries are used tioouthis research in order to interpret
novel debris types and potential explanations of their presence in the oral environment of

humans.

Some of the primary documents used in this thesis include those related to food, drink and
drugs adulteration sucls:aFrederick Accum (1820) who examined tainted samples acquired
from numerous London merchants and the methods for detecting them (both chemically and
microscopically); Dr William Alexander (1856) who outlines evidence for and extent of
adulteration thatdd been occurring in Halifax, West Yorkshire; included also are illustrated
guides by the leading food and drug microscopists Arthur Hill Hassall (1855), Henry Greenish
(1910), and Andrew Winton (D8) which were used for visual identification of many of the
microremains found in the human dental calculus in this study. Additional primary sources
included a variety of cookery books such as Skuse (1883) and Glass and Winton (1800) for
confectionery reipes and methods, the Kellet sisters (1780), Glasse (1747) and Hammond
(1816) for domestic cookery trends, and Farley (1792) for identifying the types of foods served
in taverns. These sources have been augmented with a survey on the literature déaling wit

life and grocery distribution in provincial towns (Cox 2000; Hann and Stobart 2005; Wallis



13

2008; Stobart 2012), buildings archaeology of improvement in industrial towns (Taylor 2002;

Borsay 1989 & 2017; Tarlow 2007) as well as urban elite structureg$t2011), health

histories (Douglas, Hodgeson and Lawson 2002; Connelly 2011) and domestic archaeology
(Ponsonby 2007; Lilley 2015) to name a few. Primary and secondary sources such as those
listed here above have been mined to gain a clearer undergtafhthe living, shopping and

6i mprovement &8 met hods which gave the eightee
experience by those who lived there. This will all serve to help contextualise any microremains

which have been incorporated into deetltulus through debris caused by human interaction

with the environment.

Dental calculus is proving an important source of evidence in bioarchaeology as it preserves
a wealth of information about the past, in some cases far into deep time. Early hardinin a
primate calculus dating to ca.-82million years ago has provided new insights into links
between diet, pathology, and health from single individuals and at the population level
(Blumenschine et al. 2003; Hershkovitz et al. 1997; Power et al. 2018jdWey al. 2017).
Bacteria adhering to the enamel surface builds up over time if not mechanically removed (e.g.
tooth-brushing) and undergoes a process of mineralisation (calcium phosphate deposition)
trapping particles such as starch, epithelial cetid,environmental particles (dust) which can

be observed and quantified under light microscopy (Blondiaux and Charlier 2008; Charlier et
al. 2010; Dobney and Brothwell 1987; Fox et al. 1996; Hardy et al. 2012). Additionally,
several recent studies have caneld dental calculusmicroscopy with bimolecular
investigations of bacterial genetic material which has proved very successful in reconstructing
the oral microbiomes (symbiotic bacterial communities) of the past (Adler et al. 2013; de le
Fuente et al. 201 Preus et al. 2011; Warinner 2014a). This formation process ceases at death,
therefore any line of evidence preserved in the deposit proiidsitu material with high

archaeological integrity (MacPhee and Cowley 1975).

The new concepada dbstheramoutbi asd by Radini
has highlighted the deposition of rftwod items in dental calculus such as occupational dust
(wood, fibres) accidental consumption of settled material (fungi, pollen, soil) which allows a
wider view into the environment occupied by humans (Radini et al. 2019). Visual
identification of environmental debris, such as mineral grit, has merit as a complimentary
technique to biomolecular analyses (ancient DNA analysis for example) in that minerals and
non-biologic debris cannot be identified. Although biomolecular analyses are discussed, they
were not utilised in the current study, and so are listed as potential future directions along with

other chemical analyses at the end of the thesis.
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But why are reearchers so fascinated with healtr the lack of heal@ during the industrial
revolution? What has been revealed so far th
time, particularly in Great Britain? There is an assumption, that with atghe technological
improvement and population growth, that the general standard of living would have been
improving. De Vries (2008, 88) wrestles with the dichotomy of people consuming (buying)
morethanbefore the earimodern periogassuming that thetandard of living and real wages

were rising, yet this could also be viewed as the consequence of increased work days/hours

per day and the inability of households to make products at home as they nchiahidper

leisure time to do so, as was the casthe 15 and 18 centuries. Is this true? There is little

evidence to support that quality of life was going up as industry improved; Voth (2063, 222

3) writes that total growth was O6éminisculeb
industrialrevolution and rapid economic growth), wages only increased by twenty percent but

hours worked increased 1.5 times from 1750 resulting in the average hours worked per week
(65 hours), more than in today6s Thalogcal Wor | d
standard of |ivingo used by Komlos (4998, 7
mostly males recorded in military registi@ra/ere shorter (more than 3 centimetres shorter)

during the 18 and 19 centuries. If people were working longer hoarsl their money was

not able to buy as much food as before, sacrifices would have to be made. Households would
rearrange their food buying in favour of carbohydrates at the expense of protein so they could
feconomi se on food exp¢ha dame waegree of sakiatidn by mai n
substituting starchy foods for more expensive meat and dairy products. The European diet
became essentially vegetarian; meat consumption retained only a symbolic value for Sundays
and holidayso ( Ko nhlthisslimituéioh 8f heighit 8hét pioarcHa¢ologisss wi t
have equated with an overall reduction of height and the greater prevalence of skeletal and
dental manifestations of malnutrition and chronic disease (Crafts 1997; Mant and Roberts
2015; Roberts 2016; Lewi2013)

Charlotte Roberts (2016, 5) writes of the im
health as seen in skeletons representative o
a sample of the population (typically from a cemeters given area) will give an overview

of the lived health for the general population. This is problematic because these individuals

are all dead, may have come from numerous localities, and their skeletons will only bear signs

of chronic diseagke unblemishedbones may not show any traces of the rapid onset of an acute

and fatal disease. However, the industrial revolution proper {1850) represents the second

of three major health transitions in human history, the first being the transition to agriculture
(10,000 years ago, introducing deficiency and zoonotic diseases), and the present era we live

in with increases in degenerative, chronic health conditions of old age and the transition to a
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Western processed diet and the emergence of new (ofteneistmt) infections (Roberts

2016, 3). Nonetheless, adult skeletons are not the only source of information. Many studies of
postmedieval health declin@after 1500)focus on child health, which makes sense as it is

these children (if they surviveyhowillform t he next o6si cker 6 gener a
articles by Mary Lewis (2002; 2013; Lewis et al. 1995; Bennike et al. 2005) indicate that
children who died during the industrial revolution, and in urban populations particularly,
experienced more carieyngenital defectgribra orbitalia (sign of anaemia), dental enamel
hypoplasias (signs of stress, either infectious or nutritional), with lower bone mineral density

and smaller stature. This evidence seems to
views that many people relied on nutritionally deficient diets, worked very long hours (men,
women and children) during a time that wi t
mi grati on, intensified urbanisatioéd @maoadr i nd.
quality housing, low standards of hygiene, [and] exposure to extremes of air and water
pollutiond (Roberts 2016, 3). Certainly, al |
teeth, but what of the above can be seen by studying debriedrappuman dental calculus?

Potentially, yes, we can see some debris categories that can indicate the causality of certain
pathologies on the skeleton or teeth. For example, evidence of maxillary sinusitis in dry
skeletons is ofte@gmuadtityibhutbad twhadpadorsaithi
have been associated with chronic upper respiratory infections and inflammatory conditions,

such as, fungal spores and bacteria, wood particles in paper and lumber mills, soil and grit

from other dustyenvironments, and smoke particles from indoor fires (Garrett et al. 1998;

Hardy et al. 2016; Harper and Muller 2002; Panhuysen et al. 1997). Evidence of parasite
infestation (most often the eggs) have been observed in both human dental calculus and in
preerved excrement (coprolites), and this could potentially be linked to nutritional
deficiencies because of the hostés inability
Hall and Kenward 1989; Shillito et al. 2011). Other biomolecular approaclubsas@ancient

DNA and protein analyses, are better placed
and coprolites such as animal foods (meat, milk), pathogens and host response (inflammation)
(Hendy et al. 2018; Warinner et al. 2014a and 2018&biprisingly, evidence of food
adulteration was also prevalent in the Halif
to throw many observations of naletary inclusions and their interpretations into question.

These observations are just soméhef things which make the early industrial revolution so
intriguing. Below are the aims and objectives which were met to explore the industrial north

of England.
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Research aims:

1.

3.

To investigate the potential of miedebris recovered from human derdalculus can
contribute to the understanding of technological change in food processing and
storage and environmental chadgie lived environmeidt throughout the industrial
revolution of the eighteenth and early nineteenth centuries.

To reconstruct througlilebris analysis the lived experience, specifically health,
housing and occupation conditions, where possible, of individuals during this time
period.

As in previous dental calculus studies, reconstruction of diet through-detms and
skeletal patholagal analyses has been conducted.

Comparison of the debris and skeletal pathologies of the target populations (Halifax
and Manchester) with those of contemporary (18/déntury) published cemetery
populations in England (London and Birmingham, skeletalyesis only), and with
earlier debris analyses conducted on Medieval Leicester {14250)

Research objectives:

1.

To examine and identify types and quantities of miemmains present in pest
medieval human dental calculus from urban cemepepulations where in most
cases no names or occupations are known for the individuals.

Ascertain individual and populational trends through microscopic inclusions of starch
and plant material.

To compare micralebris between Halifax and Manchester and aepstential
variance in socikeconomic status through amount and type of microdebris which
could indicate affluent or poverty.

To make meaningful direct comparison with micemains recovered from earlier
time periods to note differencesiintlusions or skeletal manifestations of disease and
stress.

Track technological changes through the preservation quality and quantity of
inclusions related to food processing and storage, coal versus wood burning (soot and

charcoal) for heating and coolin

Chapters 1 and 2 lay the groundwork for tisdries of industrial and social progress from

the eighteenth century and the archaeological and historical strategies for understanding and

researching the period. Chapter 2 goes deeper into the variensficiechniques which

have been used to study past peoples and lifeways before moving on to the materials and

methods used in this study in chapters 3 and 4. Chapter 5 presents all the microdebris

identified and interpreted from Halifax and Manchesadni)st chapter 6 presents the results
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of data analyses. Chapters 7 through 9 are discussion chapters consisting of interpretation,
comparisons, alternative approaches, and the wider considerations of populational health,
hygiene and diet. Future directiossd additional techniques are recommended throughout
followed by the concluding remarks.
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Chapter 1: History and Archaeology of Industrialisation in

England

There seems to be a conventional view that the industrial revolution occurred aspaifidsh

in time which caused a sudden surge in innovation, mechanisation, and social change. Is it
plausible that industrialisation can be traced back to a single occurrence or a specific point in
time?A furtherargument can be made that industrialisation is egg®which developed over
many years with its roots beginning during late medieval times (the fifteenth century onward)
and the movement of industry into urban environs, as these were the primary hubs of trade,
wealth, and governance which would fosterghdy stages of city and town expansion in the
early eighteenth century (Withington 201676 The early stages of industrialisation
encompassed the consolidation of certain industegg, €loth production, metal work) into

a centralised location wheeinnovation and specialisation could be controlled and accelerated.
However, the rate of industrialisation was not the same in all areas of the country. While
London and its environs were the centre of power and politics, the north of England, with its
wealth of natural resources such as coal and waterways (the main sources of energy for
mechanisation) and wedistablished cottage industries (woollen textiles), was favourably
placed to prosper. Halifax and Manchester are two locations which built o gadidons

of cloth production during the fifteenth and sixteenth centuries, which went on to sell these
products farther afield as goods transport improved both domestically and internationally (to
the Americas and mainland Europe) from the eighteestitucy onward.

There are several interrelated issues which all contribute to the process of industrialisation, in
both the north and the country as a whole. One of these issues is urbanisation, which is the
shift of population from rural areas to city fan) areas and the ways society adjusts to this
cultural change. The outcomes of urbanisation are crucial to the populations studied and to
some of the central tenets of the arguments of this research, which include urban living
conditions, diet, health drthe lived environment. To achieve the aims of investigating living
conditions, diet and health via the analysis of human dental calculus, it is necessary to
contextualise the results of this analysis within the framework of existing historical knowledge
and critically review the current debates on the industrial revolution as a whole. The processes
of enclosure, transport improvements (turnpike systems), market expansion, and the
populational shift to cities are intertwined and play a crucial role inap#sh the English

economy from primarily agrarian to full urbamdustrial
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Industrialisation

The conventional view of the industrial revolutibril7507 1850)was that it encompassed

rapid technological change (i.e. stepower) which led directly to égnsive urbanisation and

large factorybased industries, resulting in the creation of a large urban wetlkasg (Nevell

2009, 33), giving the impression of an acute event. This vision had been challenged by
historians who stress that such acute changeonty true for certain industries, whilst others
experienced industrialisation at a much slower rate. For example, Hoppit (1987, 214) argues

t hat Arapid growth, Hactvemy mpchdwetriyor 4rmd v
appropriate to just one drwo unrepresentative sectors ik
traditional industries, such as wool, brewing, leather working, soap and candle production,
experienced slow and sure changebo, which re
Therefore, itis necessary to consider townsuch as Halifat which were slow to adopt
steampowered mechanisation, relying instead on watavered mills (cloth and corn) thanks

to an abundance of streams throughout the Calder Valley (Hargreaves 1999). Some would
assert(e.g. Hoppit 1987, 212 & 216) that the concept of the industrial revolution has been

badly misunderstood and misused as a term by historians and economists, who fail to
acknowledgehatit was probably an acceleration of changes that were already in plate

that real change was only made possible by the railway age (L83870). The
industrialisation process is indeed multifaceted and should continue to be debated as more
evidence is revealed, from both historical sources and complimentary evidente fro
continuing archaeological work. This body of work seeks to record changes in the lived
environment as more people relied upon bougtgroceries and necessities as leisure time

was gradually diminished. Holidays were reduced or eliminated (leavingantjays as rest

days) and hours worked per day increased with husband, wife and children occupied with

work outside the home (De Vries 2008;87 which brought in more cash to buy necessities

and food families no longer had the time to make themseltés cduld potentially manifest

in a reduction of particle size (refined foods), unusual combinations of debris types (blended

flours or adulterants) and possibly less identifiable plant types as fresh whole vegetables

bea@memorescarce, trapped and redable in dental calculus.

It is necessary to first summarise what the English economy was like prior to the industrial
revolution and the processes of change. A sustained increase in agricultural yield, particularly
in grain, from the late medieval period (ca. 1-25D0) led to thereation of larger farms, but
agricultural improvements also led to a decrease in farm labour and subsequent reduction in
employment for rural inhabitants (Allen 1988, 1170). During the second half of the
seventeenth century population declined, ineeeagrain harvests were traded overseas, and

prices began to fall. Animal husbandry became more profitable than crops which led to a
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betterfed population which began to slowly increase along with nutrition from the mid
eighteenth century onward (Turneradt 2003, 130). Surprisingly, agricultural productivity

was higher before 1760 (before the population boom) and diminishing returns led many to
enclose and aggregate smaller farms to devote to more profitable animal husbandry (Hoppit
1987, 214). Some audhs attribute this shift to climatic changes after 1740 where temperatures
fell and precipitatiomose, ruining crops and causing widespread famine, at the same time as
a population boom, resulting in food deprivation for the lealasses in particulawhich was

not alleviated until the larggcale food imports of the industrial revolution (Michaelowa 2001,

0).

In the early part of the eighteenth century,
family or community run farms using the open fisigstem of crop rotation and smattale

animal husbandry. Turner and-aathors (2003, 135) summarise it as a-specialised, non

intensive open field system which allowed some -sefficiency whilst also allowing
commodity trades for market goods.

As ayriculture began to dwindle, so too did rural employment, leaving many destitute. With
relatively few skills, many were forced into lgwoductivity sectors such as outwork and
workshops if they could get the work (Hoppit 1987, -5)4 During this transitin from
collective to commercial agriculture, the growing demand for food in cities encouraged
agricultural specialisation, transforming ogiéald farming to private (profit focused) farms,
many of which were enclosed (Turner et al. 2003, 124 & 138). @wduction before
enclosure employed many of the rural poor for various stages of the harvest, who would later
be supported by the Parish with the introduction of large pasture enclosures which hired only
a few skilled men (Williamson 2000, 74). The latlosure process was a slow and subtle
system to, some implied, curtail land mismanagement and misuse, boosting profitability

through restructuring of existing governance as discussed below.

The Enclosure Acts

In a continuation of the medieval system, thanorial courts controlled the opéeld and

commons administration throughout the eighteenth century. However, in 1773, acts of
Parl i ament devolved power to | andowners (ins
to pasture which could no longes bnforced by the courts (Turner et al. 2003482t was

these Enclosure Acts which would guarantee in law how land was used by individuals. Two

main phases of enclosure occurred during the late medieval period (1280) to 1700, and

from 17007 1900 (Williamson 2000, 64) which included several methods for enclosing

land: 1) Piecemeal Enclosure, where individual strips of land were purchased to form a larger

farming area; 2) General Enclosure, where one individual buys all the land in a given area
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including common land, for their own purposes, preventing use by others by femcing o
hedging the boundari@sthis method is understood to be most associated with depopulation
of the countryside; and 3) Parliamentary Enclosure, where the owner ofjtiar¢ers of the

land in an area could acquire the rest through an act of parliament without the need to consult
the township, which was the most common form of enclosure after 1750 (Williamson 2000,
59). During the eighteenth century, enclosure was mor@ ofed for grass pasturing for
larger herds of livestock, for meat production, which was common in the Midlands and the
high wolds of Yorkshire, including in the Calder Valley where Halifax is located (Williamson
2000, 667). This was prompted by harveatlfires, famines and disease epidemics beginning
in 1739 which caused the shift from wheat to ealthpted grains (oat and barley) as well as
livestock which would not have been possible under the earlier-so@dl farms and open

field system (Michaelowa001, 89).

The negative aspects of enclosure were felt most during their peak in the Napoleonic Wars
(18031 1815), at which time all existing lease agreements for land use andgj@gzéng were
terminated and t he | and o winctuded \dllagas adtherfefore d u c e 0
eject Aundesirable tenantso, such as the ol ¢
(Williamson 2000, 68 & 72). In Lancashire, the county of Manchester, more than forty
enclosure acts were passed by Parliamemn ft7891 1 8 1 5, many to create
public spacesd such as Skircoat Moor, owned
and adjoining common land into Savile Park (Navickas 2009,1)0Despite this, there is

little evidence that the Acts &nclosure depopulated the countryside after 1700 (Allen 1988,

26). In 1793, war with France made it essential for England to secure its food sources,
necessitating more intensive agricultural production which proved profitable under individual

stewardshiprather than under the opéald systemgTurner et al. 2003, 136).

Although this survey of enclosure acts has focused on what happened during the eighteenth
century and the industrial revolution, it should be stated that none of this is unique ta this e
alone. Enclosing of land by private individuals was begun far earlier in the sixteenth and
seventeenth centuries, although its acceleration during the later eighteenth century cannot be
disputed. Although the rural economy was irrevocably changed dgrlanore specialised

farms, the reduced labour force became more efficient. This in turn released large numbers of
people from agricultural work to other forms of commercial production, which some may
view as fAthe sole contnddsteonnomi ¢ adgeelf ap!
1988, 143). Much of this economic development took place in urban settings, where those
displaced from the countryside would congregate to seek employment. The countryside was
experiencing rapid change toward an organisitient, commodified landscape, and not the

6good and godlyd natural rwural | andscape of
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Urbanisation

What is meant by the d6durband environment? Ho
or a village? Wi thington (2016, 2) outlines
European Urbanization 150080Q that urbanisation encompasses thecgss of increased

numbers of people living in cities (demographic), the centre of institutions and activities only

situated in cities (structural) or as fAthe
urbanism whether situated in towns and citesxawt 6 ( behavi our al ) . I s
threshold for individuals |living in towns an

consensus on the question of population numbers in defining an urban environment: in
Sweden it applied to towns witinore than 200 inhabitants, in Switzerland 10,000, and in

Japan over 30,000 (Pacione 2009, cited in Shin 2017, 7). In terms of the percentage of the
English and Welsh populations who lived in cities that could be classified as urban, there is a
steady incrase during the poshedieval period: in 1500, 3% of people in England and Wales

lived in cities with more than 10,000 inhabitants, by 1600 6%, 1700 13%, 1800 20% (more

than half of this number lived in London), during a time when the total populatiorobbtéd

from three million to six million (Withington 2016-@). Can this then be understood as an
6urban revolutiond with the expansion of C
urbanisation the ultimate catalyst of the industrial revolution kedaby Shin (2017, 14)?

Kooi j (2018, 6) views arguments that <cities
product or the result of wurbanisationo where
surrounding countrysid&hese might seem robarguments as cities have existed in the form

which isimpliedd central areas with high population density, markets, and governance over

surrounding are@shave been in evidence for centuries.

The medieval urban system priinmearsiol ygoevrea mnepda
Church, bounded by waterways used for the transport of goods, sharing a common culture and
dialect, which supported regional hubs in the form of towns which controlled or handled the

trade of food,commodities,and luxury goods (siicas spices and silk), London being the

largest regional hub (Withington 2016,19). These small medieval communities suffered

cultural decline and extreme social stratification during the sixteenth century, but the
seventeenth century witnessed the Engli 6 ur ban renai ssanced which
settl ement s, transforming them into dédnascent
Leeds and Halifax which benefitted from greater inland trade than their larger rivals such as
Manchester (Borsay9B9, 12). While the power and draw of cities is a sensation that would

be familiar today, it is perhaps more approp
is the process by which the balance of the population living in cities is greaté¢nahéning

in the countryside. This, it seems, would constitute a major shift in the ways in which people
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lived closer together, reliant on purchasing food, more dependent on a market economy than
those still living in the country.

Between 1750 and 185e population of England was growing rapidly, with higher numbers

of people migrating from villages to citie
agricultural to industrial or capitddased (Hoppit 1987, 213). This rural emigration primarily

compried young, workingage adults transferring the bulk of human capital to the cities
(Williamson 1988, 301), bolstering more consuragented industries and market awareness,
agricultural improvement, and overseas trade (Hoppit 1987, 213). The rate ofnatemse

was stable at around 3% with the share of the urban population in England at 25.8% in 1776,

later increasing to 65.2% in 1871 with the greatest increases occurring between 1811 and 1846
which coincides with industrial acceleration afterthe Napalei ¢ War s, maki ng En
most urbanised country in the worldo by 185
breaks down the shift to urbanisation more c
of the workforce was in agriculture buti850 only 22 per cent, and if in 1750 around 21 per

cent of the population lived in towns but in 1850 around 54 per cent, then such changes can
justly be called an industrial [urban?] revo

It is known that England was experiencing a boost in tioul at the beginning of the
eighteenth century, partly due to agricultural and nutritional improvements. In the early
eighteenth century, birth and death rates remained high until the second half of the nineteenth
century when adult mortality began tocde i n e , |l argely attributed t
which reduced wateand foodbourne diseases, and the introduction of vaccination (Bar and
Leukhina 2010, 427). With more adults surviving and employment declining in rural areas,
many young adults lgan to migrate toward towns to find work, and by the final decade of the
eighteenth century, there was a clear yoeadglt bias in cities. In 1791, 36.8% of the urban
population were 20 39 years old (32.5% in rural, 4.3% lower) amhtinuedo rise untithe

latter half of the nineteenth century (Williamson 1988, 310). Later, the urban population
began to selperpetuate as the young workforce began to have fambigs,as rural
unemployment remained high, overcrowding and its accompanying diseaddsy@come a
serious issue in the nineteenth centwremployment remained the driving factor of rural

poor migrating to urban areas where there were more job opportunieas now had the
economic capacity to accommodate a growing immigrant popnjaitd as such, the influx

of people themselves increased the rate and scale of urbanisation through more jobs and
housing (Borsay 1989, 20).
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Urban Power
There is some merit in regarding cities as the logical place for capital accumulation, with

greater cacentration of people, they are excellent places to hold markets and meetings, as

was the case during the medieval period. Many institutions associated with the growth of the

early modern period are uniquely urban: universities, literacy and print teggnolo
disseminate knowledge and idekasys,and governance flow outward; conversely all goods

and capital tend to flow into (or through)
of capitaldéd to the detri men BhinR®17, d0yWithihgton nd u s t |
2016, 23). Occasionally, this process is reversBalvns and cities were dominated by craft

guilds which controlled the standards and production of certain products (e.g. weavers,
silversmiths), keeping the quality and pricggobds high. In the sixteenth century some towns
began the O6ruralisationd of certain industr
manufactuwriemal abeddeur al settl ements rather
process of A mdepenhdent graftspeopled wag the beginning of regional
specialisation by the eighteenth century in Leeds, Hal@wmingham,and Manchester,

reshaping the manufacturing culture of the English urban system (Withington 2016, 10).
However, the majority dfade still took place in urban centres. Rigg (1998) and Weeks (2010)

both agree that the countryside and city were becoming increasingly intertwined with
industrial production areas shifting location between the two locales as advantage or demand
dictated Gross domestic product (GDP) tends to be calculated from the centres of trade (cities)

with urban GDP rising from 30% in 1550 to 98% in 1990 with the share ofrurah

employment rose from 40% to 98% in the same years (Bar and Leukhina 2010, 427).

Withington (2016, &) summarises the situation thus:

Wrigley (1967) argued that not only was England unique in sustaining demographic

urbanization throughout the early modern period, but that this growth precipitated a host

of economic, demographic and socigiltal changes that together point to the deep urban

roots of the industrial revolution. Economically these included the formation of a national

market, a doubling of agricultural production, greater demand for and provision of raw

materials (like coal antkad), the better provision of credit and commercial facilities,

improved transport networks, and higher real wages. Demographically, the realities of

urban morbidity insured a balanced regime in which population did not expand too rapidly

beyond available e sour ces. Sociologically, it institut

rather than oO6traditionaldéd attitudes and behavi
social groupings, and encouraged more fluid and emulative patterns of consumption. For

Wrigley, all of these urbaimduced orurbam el at ed changes help to exp

industri al 6take offod in the second half of t h
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Transportation of goods had until this point been a major hindrance to the expansion of trade,
as it wa slow, unreliable, and expensive. Before the advent of railway transport, goods were
transported by road via packhorse and, where possible, wheeled vehicles or connected
waterways. Transportation improvements would be essential in the increase of gailtke, w

and communication throughout the country and beyond.

Market Access and the Turnpike System

What role does market access play in the process of urbanisation and industrialisation? Bogart
et al. (2017, 2) def i nes emomtficedby mrsunmers whera s ,
they buy from producers in theirs and other locations and similarly, the costs faced by
producers when they sell to consumers in
necessitated the improvement of road surfacesitkes) and inland waterways (canals)
which helped to increase an exchange economy and negate freight costs which has been linked
to population growth as well (Bogart et al. 2017; Turner et al. 2003, 135). During the
eighteenth century, road and canalwuarks were greatly expanded and improved, reducing
regional pricevariancesand bolstering the transition from subsistence to markented
production, increased foreign trade, and mitigation against regional crop failures and famines
(Michaelowa 200110). Many of these advances were already in place before the introduction
of steampowered mechanisation and production, laying the groundwork for industrialisation

in the latter half of the eighteenth century.

Before the advent of the turnpike systemad® were badly maintained and could easily be
washed out by heavy rains, making wheeled transport difficult and expensive, limiting the
distance that trade could be conducted. For example, in 1680 Manchester lacked direct access
to the ports at Liverpoolral water transportation to other surrounding areas, relying on
packhorses until 1740 when river and canal navigations and better maintained roads reduced
shipping costs, linked the city to other towns, and most importantly to the London markets
and nearbyoalfields, culminating in a series of turnpike trusts in 1770 (Bogart 2018).17

Until this time, local parishes were unable to maintain the existing network of roads, and thus
turnpike trusts were created by acts of Parliament in the late seventeedrly eighteenth
centuries to build and maintain roads financed by tolls (Bogart 262)7 Flaster and cheaper
transport also helped to boost urbanisation: towns located near turnpike roads tended to have
denser populations (Bogart 2017, 30). At thmeaime, footpaths and parish roads were also
converted to turnpike trusts, joining up the national road system, as a result of private
landowners bounding their enclosed properties with new roads, essentially restricting the
movement of the populace whiten retaliated with vandalism at the loss of their traditional

routes (Navickas 2009, 1113). Although turnpike trusts were a contentious issue for many, it
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was not enough to halt their spread as the benefits would far outweigh public opinion. Better
roacs facilitated better transport of goods and people. Greater access to a wider selection of
goods also affected the market system. Large urban centres have always been centres of trade
in the marketplace where people could gather and share ideas frormdimgoareas. This
amalgamation of people and ideas was further increased by expanding trade with imperial
colonies and longlistance trade coinciding with burgeoning industrialisation, expanding the

goods on offer and peoplesd tastes over ti me

In agrarian economies, markets held a privileged social and cultural position supporting urban
prosperity, goodgjovernanceand soci al stability, At hus, t hi
modern history, the production of urban market space, with adjoining town ¢faliches,

guild houses and other forms of civic power, is thought to have been crucial to ideas of urban
progress, devel opment and modernizationo (St
late seventeenth century, English shopping habits had begumto | ude &écol oni al
such as tea;offee,and sugar (now available in greater amounts produced by the free labour

of slavery), in addition to now popular culinary spices such as pepper and nutmeg (Stobart
2017, 1138). These exotic items were n@kmexclusive to the wealthy in urban markets and

shops, but slowly made their way into small, often ephemeral, village shops run aireside

to other professions, which alongside small amounts of exotic imports, primarily sold English

and European pragtts which emphasises the enduring importance of locally produced goods
(Stobart 2017, 1148).

ConsumptionPolitenessand Improvenentin the North

Changes, both social arsghdial, continued apace throughout the long eighteenth century,
epitomised by O6polited spaces filled with
burgeoning merchantand middleclasses styled themselves as urgentry andbegan a

vigorous programme of impvement encompassing public spaces surrounded by polite
architecture, polite shopping and leisure spaces where new forms of polite behdgrour

both the customers and the shopkeépmsuld be cultivatedc.f. Tarlow 2007; Wilcock

2016) The new face of efgeenth century culture was based on the reforms and progress
began in the previous centuries, the opening up and ease of overseas and domestic trade,
widespread leisure travel (spa towns) and a growing service industry funded, in large part, by
industrialsuccess. The north of England sat firmly at the pinnacle of industrial progress and
innovation which makes it an interesting milieu to observe middies aspirations. In the
century between 1750 and 1-8dldngandrBrgantsationn unde
in order to improve health, morality, cultural and civic life and the aesthetic experience of its

weal t hier i nhabitants to visitorso, featuri.
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detritus (beggars and lunatics) and distasteful sréldetchery, tanning banished to outlying
areas) to create a O0mor al3pMdnyohtidesedngppmemgnt ar | ow
are still evident in English cities today.

Many of the eighteenth century improvements to towns took the form of pokteagninents

such as theatres, publgardens,and assembly rooms, and creating exclusive shopping

districts with paved streets, public lighting, and extended shopping hours (evening) away from

the open markets (Cox 2000,-8% In contrast, open and streearkets brought all classes

together (inversion of society) whereas closed shops allowed for the separation of the classes:
fei gh-teenthy shops ar e presented as fertil
especially creating a safe place of leidoravomen to socialise (Wallis 2008, 28). These new

buildings in the more fashionable areas were designed to be part of a cohesive whole, with
harmony of design featuring nd€alladian and ne@l assi c al facades, as
Roman worlds were ratiohditerate, enlightened, powerful, imperial, rich and civilised: all

the things to which eighteenth century Brito
toback houses in grid developments Oi-thproved©¢
This was the vision of the wealthy mercantile class, hardworking and morally driven to

improve Britain for all.

Urban Gentry

The <c¢lassification of 6gentry®d was changinc
particularly merchants and industrialists, gainadt fortunes, perhaps beginning to rival the
traditional |l anded gentry and those of the |
encompassed Aitownspeopl e of independent me
professionals, who styled themged s G0 gentl emend without necess
of the landed gentry (Stobart 2011, 91). They would advertise their status by spending on
certain types of goods, displaying good taste and distinction from other social groups,
particularly thosegoods with oO6high | evels of soci al (
smoking) which could only be interpreted and
and educat i on 88). FoBd caltbrawas chan@irig hs welb athough eighteenth

certury (middleclass) wives were still responsible for preparing most of the meals, forks were

widely used, more elaborate table manners and meal rituals were created to accompany a wider
variety of exotic foods now readily available through increased ampehn imports

(Ponsonby 2007, 4). Much of this was paid for by increased productivity and widespread

wagelabour.

The 6l ndustrious Revolutioné (coined by De

marketable goods, longer working hours and an increaseowfew and children into the
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labour force, and higher rates of production all produced a surplus of cash (wage labour) to
spend on O0desirable consumer goodsédé includi
There was significant productivity growth dugithe industrial revolution because families

were now responding directly to market fact
(sale of goods to supplement household production) to market orientation (sale of goods and
labour as the basis oftheheus 0| d economy) 6 focussed on wage
source of income in nortlvestern Europe in treighteenth centur§De Vries 2008, 82). More

cash and fewer leisure days for making necessities at home, more people began to rely on
purchased foodnd household goods. Closed shops began to proliferate and diversify to serve

the needs of a more consumerist public, dazzling them with elegant interiors and enticing

window displays.

Improved Shopping

Most eighteenth century shops, both rural and unwaregenerally selling a wide variety

of goods, whereas specialist shops, typically higimet ones, were found only in the larger

towns and cities such as Londdviverpool, and Manchester (Hann and Stobart 2005, 176).
Shopkeepers relied seveal pathways to acquire and sell their varied goods. Factors and
agents were heavily relied upon for both pro
behalf, saving the shopkeepers from continual travel; there were also a number of independent

6 crairer 8 companies often used to deliver good
of the weekd (Cox 2000, 123 & 184). There w
retailing and merchandising operations, with many shops stocking a varietynsf ritet

necessarily related to their tra&devhich may have complicated the supply chaissich as

mercers and drapers who often sold haberdashery, spices, paper, groceries and very often tea
(Cox 2000, 182). Moreover, mercers, usually designated as punahfore fabrics, whose

shops were actudlelpprtmeser stor@&pd.otoffering
i mported goods and groceries in provincial t
which at the time denoted shops that sold a vaokkyw-priced goods (Cox 2000, 59).

With the proliferation of novel and exotic goods and groceries, shopkeepers had to work hard
to convince their customers of the quality and necessity of buying wares that were hitherto
unknown, such as tea and chocoldtenking which did not replace an earlier practice.
Shopkeepers would also become an important source of expertise, coupled with their
mannerly and polite behaviour, their enticing shop and window displays laid out alongside
elegant and informative espédtyaprinted trade cards (Hann and Stobart 2005, 167). Shops
also began to play in domestic interiors: Josiah Wedgwood was the most innovative, inviting

customers to visit of t-ohanging displays, sel atlike damestici ne d 6
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tableservice which allowed customers to imagine the pieces on their own tables more easily

than if the wares had been lined up on shelves (Cox 2000, 93). Language became an important
tool in advertising as well . Payelteswasssehg oOf a
for social advancement and display, whilst the lealasses were seduced by the language

used to create the illusion that particular shops catered to the gentry, though in reality they
catered to evergday needs selling cheap goods (@0, 130). Repeat buys, especially of
groceries, were usually left to servants even though the luxury world of polite shopping was
reserved for discerning leisure shoppers (Hann and Stobart 2005, 174). This may have led to
increased luxury diffusiondownh e soci al | adder as servants ¢
and brought them back to their natal homes (Cox 2000, 118). This means that levels of
consumption were steadily increasing due to leisure shopping, greater choice and availability

of goods in shps, persuasive advertising and display, and desire and emulation of a socially
mobile |Iifestyle (at |l east on the surface),
mor al doubt s, as did its bedfel 108,89.Inthfsas hi on
sense, the luxury that is of concern here are imported or tropical groceries and the diffusion of

use through the social strata, and the methods by which grocers became more prominent and

more numerous in towns and villages in northernl&md

Grocers

What we know today as 6grocerd was not al way
the eighteenth century, a grocer was the pro
(bulk) cheaply to the lowetlasses (Cox 2000, 204rocery items at this time were confined

to dry goods and neperishable foods such as spices, tea, coffee, sugar, tobacco, rice, dried

fruit, sago, dyes (natural and chemical) and medicines (Stobart 2012, R®sh foods were

almost always purchased markets and fairs and greengrocers did not exist at all in towns

until the nineteenth century (Cox 2000, 43). So too. Butchers, bakers and provisioners only
started to proliferate as towns grew and access to common land (increase in enclosures?)
prevente more people of the ability to produce their own food as households, although
mercers and other luxury shops would always have been evident; indeed, specialty shops such

as spice dealers and silk merchants have been recorded since the fourteentmdendlend

(Cox 2000, 42 & 15). Stobart (2012,-9p notes that some researchers have a decided bias in

favour of London (e.g. Mui and Mui 1989) who intimate that the south was far more
sophisticated with its r et aitualitynganytredgianeint he 06r
the north had more and better shops (i.e. grocers and tea dealers) catering to thetlassidle

and market oriented leanings, particularly LancasMmgkshire,and Cheshir@ the focus

area of this research. TManchester Mercurypewspaper throughout the 1790s covered the

area including Lancashire, Cheshire and West Yorkshire for advertisements, a small number
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for tea dealerg;onfectionersand grocers, but of which the majority advertised manufactured

goods and patent medicineell-established shops eschewed advertising in newspapers
completely(Cox 2000, 108). Most specialist shops relied on superior service to advertising.
Exotic groceries and their accompanying ut el
customers, higiighting the skill and knowledge of the retailer (Hann and Stobart 2005, 170).
Increased novelty and choice in shops made the judgement of quality ofdiffiodk; there

was |little informed choice so many gewhosumer s
were expected to be Aopen and honest . . oo
adulterationwi d e s pStobaat @012, 14 & 138). This was a particular problem with the

tea trade.

The Ascendance of Tea

The besk nown Osymhuaiptofonéomn the eighteenth ce
closely associated with su@awhich by the end of the century was widely enjoyed by the
poor, forming the basis of a consumer craze and a huge industry producing accdssories:
kettles tea trays, pelain service, teaspoons and sugar tongs and bowls, sparking a consumer
revolution for a drink that was entirely new (Cox 2000, 3). Imports such as tea and sugar, were
only ever sold in private, closed shops in addition to expensive local luxurie®tiky BAnd

lace; never in the open marketplace alongside common foods and household staples (Smith
2002, 35). Tea and coffee were important dides for several types of retailers such as
booksellers, china shops, toyshops, and apothecaries, with exceesiaed coffeedealers

only proliferating in the late eighteenth century (Stobart 2012, 50). Indeed, tea was so
exclusive that it was primarily sold in the most luxurious shops in the early eighteenth century,
only trickling down to humble chandlers agdocers in the later eighteenth century who
stockedsmall, prepackagedoarcels of tea for the lowelasses; meanwhile, many of the
wealthy continued to purchase tea direct from London either througfordeil o through

friends (Cox 2000, 208). Moreover, De Vries (2008, 100) suggests that tea was adopted by
the labouring classes (alongside coffee and spirits) to fuel the longer and harder working days
in the wagdabour market. Regardless of the reasons,aleiar that tealrinking culture had

spread throughout English society at all levels by the end of the eighteenth century. However,
there is some doubt as to whether the quality of tea was variable or not, and as shall be
demonstrated through potential aduhtion observed in human dental calculus from the
Manchester and Halifax populations in this study, it may have been different regionally rather

than by social level or by price.
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Deception and Doubt

Exotic imported goods, whilst desirous, were not ptaxm without question. Luxuries were
initially condemned as morally corrupt, pr ot
and risko; mi sconduct was endemic and fAmoreo
with concerns over quality, credit dindeceit. Consumption had been described as an

6i rresistible drugdéo (Wallis 2008, 29). Some
feet of factors, oO6higlersé, and sal esmen who
which some said was gmented by fraudulent goods, casting doubt on the quality of
merchandise in shops (Smith 2002, 43). Tea was alleged to be the frequent target of fraudsters.

The first reports of anxieties about the authenticity of tea appeared in 1710 followed by
legislation in 1725 against the adding of tannins, molasses, logwood, sloe and otlea non

leaves which went on for so long that in 1785, Richard Twining complained public perception

was Aunder mi ni ng -lpleercckeortd @ nar tod (t Guicoatioeerat 20 1
was seen at the time as a British problem, and was considered pure from the source, although
Stobart (2012, 48) suggests that reviving or recolouring spent tea was a nineteenth century
practice, which as we shall see may have actually bemnrotg at an earlier date and more
widespread than previously thought. Many Jatghteenth century grocers already stocked a

wide variety of common adulterants, such as those listed above, which would have made
padding out their stocks of genuine tea atder groceries easy: pgeound, prepared,

packaged (/2 penny packs) of spices (and presumably teas) prepahedige by grocers

(mortars and pestles were standard equipment) (Stobart 2082, \®Bich added to probate

inventories listing bad and sjed foodstuffs casts a hint of doubt when faced with the scale

of adulteration which was later reported in whidilewer publications such as Accum (1820).

If this is the case, then the extent of-tampering may have spread to all social strata and

price points, and as will be shown in the resultstie# dental calculus analyses, some
apparently wealthier individualsn@t working-class) have clear evidence of potentially

consuming adulterated tea and possibly other foods as well.

PostMedieval and Indstrial Archaeology in Context

As discussed above, this long century of progress witnessed rapid changes in technology,
farming, building, and the manufacturing industries. These changes also altered the way
people lived: industry was pulled infromtheswundi ng countryside into
and workshops where rich and poor lived in close proximity. Some argued at the time that city

living caused the less favourable urban traits such as diminished social interaction and societal
cohesion, pervage individualism, and lawlessness (Kooij 2018, 6). This section reviews the

context of the industrial revolution beginning ca. 1700 until 1850, which will help to situate

Halifax and Manchester within the wider milieu in the north of England where igdarsdr
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mechani sation flourished, particularly in 0
influx of immigrants (Nevell 2011, 595). The physical effects of rapid urban expansion and
crowding can, in some cases, be observed in skeletal and dentébgiathbearing the signs

of stress and malnutrition associated with diminished living conditions. The stresses of
relocation to a new town or economic uncertainty was a common concern in the often unstable
economies surrounding the cloth industries whgchelevant to the populations used in this

study. This section will summarise the techniques used by biological anthropologists to detect
stress in skeletal populations whilst situating them within the historical context during the

years 1700 1850.

Detecting Health Conditions: Air Pollution

In cities with a high concentration of factories, air quality was a major concern. Manchester
was quick to regulate énuisance smoked from
and steandriven machinery withegislation in the late eighteenth century (Bowler and
Brimblecombe 2000, 79). The walbcumented London Fogs (smoke), beginning with the

Great Fog of 1775, a series of smoke/fog events that would plague the city during the winter
months which has beeiirectly correlated with increased respiratory and circulatory diseases
(Luckin 2003, 33; Hester et al. 1998; Brickley, Mays and lves 2007; Pope and Dockery 2006).

A London medical case book dated 1794 lists increases in the number of incidents of chest
pain, dry cough in children, reduced lung function, and an overall increase-causk
mortality (Luckin 2003, 40; Ayers 1998, 9).T
and cooking fires (Harrison and Aplin 2002, 4043; Roberts and Cox 200B)y wdlease

polycyclic aromatic hydrocarbons (PAHSs) from the incomplete combustion of coal, wood, oil,

coke and coal tar which was most harmful in poorly ventilated kitchens and factories. PAHs

can also settle on surfaces and food which could potentialyetected with highowered
microscopy (e.g. SEM), although only the larger soot particles can be detected with optical
microscopy. Known pathologies related to PAH and soot exposure include thickened blood,
asthma, COPD (chronic obstructive pulmonargdge), cardiac arrest and stroke (Larsen and
Larsen 1998, 44; Donaldson and MacNee 1998). Children and the elderly living in dark,
polluted, and overcrowded conditions are recorded in the London Bills of Mortality to have
suffered worse and more frequlgritom breathing difficulties (Roberts and Cox 2003, 299;

Luckin 2003, 461). However, poor air quality is not restricted to carbon emissions.

Living (bacteria) and allergenic (pollen, mould spores) particulates are also responsible for
airway inflammatim. Dust mites, cockroaches, cold and damp housing, and textile
manufacture are just some of the sources of respiratory irritants, many associated with

maxillary sinusitis which is readily visible in dry bone. However, it has been suggested that
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only fifty-percent of sinusitis cases result in bony changes, and only a fraction of those are
observed archaeologically (Roberts and Cox 2003;5§9fdeed, skeletal investigations in
three ni neteenth century cemeteries (Cross
Churchyard, and Christ Church Spitalfields) observed an incidence of less than seven percent
(Roberts and Cox 2003, 299vhich likely falls far below the true prevalence. Allergenic
irritants such as mites and mould spores are readily detected withl opitcoscopy. One of

the hypotheses in this thesis proposes that high quantities of recordable respiratory irritants
can be correlated with incidences of maxillary sinusitis and could potentially indicate higher
incidences than what can be observed inos&d sinuses. Rates of maxillary sinusitis are
usually calculated by the number of visible (i.e. broken) sinuses, but if irritant particles can be
correlated with the disease, this may help to at least in theory, indicate that respiratory

incidents may béigher in the population.

Detecting Health Conditions: Urban Crowding

Pathological spectrums in past populations have typically been worse in the poorer levels of
society than those who could afford to eat better and receive medical treatment. This trend
was beginning to change during the eighteenth century, especially in urban contexts, as more
and more people moved from rural settings to cities. Health in all classes was beginning to
deteriorate with an overall émhicenturg, obdervedb pul at
in contemporary military statistics, bills of mortality, and later observed in dry bone in
cemetery populations by anthropologists. Overcrowding was a problem amongst the poor,
which kept mortality levels high (Woods and Shelton 2@10 and it was thought at the time

that segregation of thelowerl ass nei ghbour hoods would help
middle-classes and urban gentry (Luckin 2006, -Z¥6Poor families often lived in single
unventilated rooms with inadeqeatvater access for hygiene, soap was not widely used,
leading to infestations of lice, ticks, and fleas (Roberts and Cox 2003)2B&ctory workers

also spent long hours indoors with little exposure to sunlight and fresh air. These things taken
together and observed in skeletal populations, can help to give a better understanding of
pollution, light levels, living conditions and housing types, nutrition, and general health of

past populations (Brickley et al. 2007, 78).

Detecting Health Conditions: Oie

The signs of malnutrition are readily observable on skeletons and teeth, particularly vitamin
D deficiency (rickets and osteomalacia) is linked to lack of sunlight and diet, where it is now
known that overeliance on higiphytate foods (potatoes, wheat)ich poorer families relied

on, blocks mineral absorption affecting weidgtaring bones (bowed legs) and thoracic
vertebrae (reduced lung function) (Brickley et al. 2007, 68; Roberts and Cox 2003, 309). It is
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unknown if this type of starcheavy diet wa also eaten by wealthier people, and it is made
that much more difficult in the cases where people were born poorer than they ended up later
and how biological anthropologists can make any distinctions. Childrearing practices of all
classes should also kerutinised as weaning times and foods, bottle feeding, and how often
children are allowed outside can leave indelible signs on teeth and bones irrespective of the
material wealth of the families. An osteological survey of children buried in Christ Church
Spitalfields (not a particularly poor cemetery) revealed that 54% were affected by rickets and
scurvy, reflecting a stardbased diet lacking in animal protein and fats (Lewis 2002, 216;
Mason 2000). Furthermore, several osteological studies of Londagteres conducted by

the Museum of London demonstrate that deficiency disease, poor respiratory and dental
health, and infectious disease were prevalent throughout the social speeu@ohparative
Populationan Chapter 3 The overall poor health a@® populations has become a major
confounding factor in determining socioeconomic status imamed individuals in post

medieval cemetery populations as will be demonstrated in this study.

Prior to the emergence of dental calculus debris analysis, coprolite analyses were used to
detect dietary and environmental debris related to humans. Coprolites (preserved faeces) are
typically only preserved in dry environments, most have been foundvinMerld deserts,
containing the hardier dietary elements such as pollen, seeds, bone and insect ova and
exoskeletons, and although coprolites originate from a single individual it would be
impossible to associate it with an individual skelétateposition coffins would be the only
exception (Reinhard and Bryant 1992, &B5Warinner et al. 2015). Coprolites have also
served as a reservoir for information on the human gut microbiome, detected with ancient
DNA analyses, however dental calculus has quickigome the favoured target for ancient
microbiome research (albeit only the oral microbiome), preserved in a matrix impervious to
taphonomic processes, and can be associated positively with individual skeletons (Warinner
et al. 2015, 710). Dental calculuand coprolite analyses are best used in conjunction with
skeletal investigations in order to present a unified representation of lifestyle, diet and
pathogen loads, in this case in urban settings. In the European context, latrines, cesspits and
privies, wih collected faecal material from many individuals over a potentially long period of
time have been useful in studying health, parasite prevalence and living conditions in past
populations. For example, Romand Vikingera excavations of communal latrini@ York

have revealed the remains of insects and parasites which infested the people (human fleas and
lice) and crops (grain weevils); additionally, latrine excavations in Hungate (knezetlin

York slum) have appeared, say the authors Hall and Keni889(99114), to corroborate

some of the findings of lateineteenth century sanitary reports of the overcrowding and

insufficient number of privies for the people living there. This study, and others before (see
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Cristiani et al. 2016; Radini, Nikita ar®hillito 2016), of human dental calculus have shown

that evidence of human parasites is also (and perhaps better) preserved in a secure medium
with little chance of contamination from the burial environment. The frequent observation of
parasite ova in thdanchester and Halifax dental calculus came as a surprise, as it was
assumed that many individudlgiiven their fashionable neighbourhoédwere quite
economically comfortable. It remains to be seen if this is the result of contaminated purchased

food or unlygienic living conditions.

Halifax

Studying Halifax and a portion of its population during the industrial revolution has been made
possible by the availability of a skeletal population excavated from the burial ground of the
Square Chapel (nonconformisd,nd accompanying information ¢
burial register, dated from 1771 (the year the chapslcompleteduntil the last listed burial

in 1837. After this time, the chapel ceased to be used as a place of worship and was converted
into a Sinday School in 1857 faeveralyears before gradually falling into disrepair in the
1970s (Sutcliffe 1996, 51). The Square Chapel has since been refurbished and repurposed as
an arts centre by the Square Chapel Trust in 1988 after the removal, studjnggrdment

of the burials surrounding the original foundation (Sutcliffe 1996, 11). The dates given for the
burials does not, however, encompass the whole of the period to be studied. In examining the
calculus of this population, the lifetimes of the pledoefore burial must be examined as well
(Table 1). According to the burial record, the earliest date of birth was 1695, which means
that the whole of the eighteenth century, and all the changes that took place until around the
time of the final recordedurial (1837) must be taken into consideration. This put the total
time period at 142 years of lived experience, encompassing the entire Georgian eda (1714
1837). According to the burial record, some of the most successful manufacturers are
represented (g. theAckroydsand the Crossleys) who helped to put Halifax at the pinnacle

of the woollen textile industry in the north of England and the nation (Hargreaves 1999).

Burial Register Statistics: Halifax

Mean birth year 1797
Earliest birth year 1695
Oldest Person 97 at death
Mean age at death 45 years
Mean year of death 1811

Tablel: Burial Statistic for Halifax Square Chapebmpiled from the Burial Register held at the Halifax
Archives.

The town of Halifax is nestled in the Calder River Valley on the-#@asing Hebble Brook
tributary surrounded by steep hilliiglre 1). The area has a ready supply of fresh running
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water, which was easily diverted to flow past houses and mills, and excellent proximity to coal
seams which provided a cheap energy source for homes and businesses (Hargreaves 1999, 1,
Singleton 1970). Shallow coal deposits, located in Shibden, Soil Hill, Noramowr
Southowram and Hipperholme, less than a mile from Halifax town and delivered by pack

horse (Hanson 1920, 1&). Despite easy access to coal, stganwver was adopted late in

Halifax, particularly in the textile industries. Nearly all the spinning améwing mills

continued to use watgrower until a drought in 1826 which dried up all the waterways, forcing
millownersto installsteare ngi nes; the only accounts of Hal
this ti me, such as t hoX20, 239). Evemwitholutihe ddeptioh s di a
of steam, Halifax merchants gathered weavers and spinners together to form some of the most
successful textile manufacturing industries, and in the later eighteenth century would build the
largest cloth exchange outsidf London, the Piece Hall (completed 1779) which hosted both

local and overseas traders and middlemen. Meanwhile, the steep and rugged landscape was a
hinderance to transport of cloth and wool (also via gemise), over the Swales Moor, through
Bradfordto the Leeds wharves and on to export through Hull which would remain the situation

until the introduction of Turnpike roads (1735) and finally direct canal routes in 1828 (Hanson

1920, 2212). The difficulty and expense of transport in and out of Halifdibe relevant in

later sections dealing with grocery and provisioning of the town.

Figure 1: View from Beacon Hill to the east of Halifax, West Yorkshire. (1847) Henry Burn, Document ID:
100457. (Calderdale Archive online).

From the sixteenth century, Halifax had been attracting weavers and textile merchants from
larger cities (i.e. York) who sought to escape restrictive (and expensive) guild regulations, to
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an area which was cheap and little capital investment was requiséattta textile business

(Hargreaves 1999, 38). Preindustrial Halifax was a poor town with low population (see

Table 2 below), where pastoral sheep farmers supplemented their income with (wool) textile

work to buy food, as the poor soil and wet Pensiiweather was insufficient to support large

crops (Smail 1994, 20; Singleton 1970). Indeed, Daniel Defoe, visiting in 1714, noted many

houses close together on all the hillsides with small streams diverted beside them (for cloth

finishing), a horse eader transporting goods, @w, and some sheep, but no crops of corn

(cited in Hanson 1920, 179). The first to gather independent weavers together was Samuel

Hill in the mid-eighteenth century, with his vast worsted factory which put out pieck to

localfamilies in Soyland and Sowerby (Hanson 1920-839 Four spinners (usually women

and children) supplied woollen yarn to a single weaverglapaidmale job) (Hanson 1920,

204; Hargreaves 1999). However, beginning in the seventeenth century, povbayown
was rising and the number of charities set up to relieve the destitute exploded. In the 1680s,

acute economic hardship affected the region, and with the already high number of people

receiving outdoor relief, charities headed by-gonformistsjncluding those associated with

the Square Chapel, began to build workhouses to deal with the growing poverty (Hargreaves

1999, 568).

Population of the Parish and Township of Halifax 1743 - 1851

Township Township % share

Date Population % change Parish Population % change of Parish
1743 5,000 31,000 16.1

1764 6,360 27.2 41,220 33 15.4

1801 8,886 16.1 63,434 53.9 14

1811 9,159 3.1 73,415 15.7 12,5

1821 12,328 37.9 93,050 26.7 13.6

1831 15,382 21.8 109,899 18.1 14

1841 19,881 29.2 130,743 19.1 15.2

1851 25,158 26.5 149,257 14.2 16.S

Table2: Population growth of Halifax and surrounding area (reproduced from Hargreaves 189%lge 4).
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(Singleton 1970, 148). Cereals hardest hit by price rises were oats, the staple of the
Yorkshire workingclass diet, which rose 75% in 1812 compared to wheat which only rose by
45% (Gregory 1982, 155). This was also a period of drastic economic fluctuations: the
Napoleonic wars sparked a cloth boom as demand for uniforms rose, and a slump in 1815
when the wars ended, also exacerbated by trade disruptions with the Americas (a major market
for Halifax cloth) caused numerous bankruptcies (Singleton 1978; Gtegory 1982, 37).

These lean times witnessed a reduction in average life expectancyabaherg classes in
relation to the mercantile and gentry (22 years versus 55 years), and in 1782, an outbreak of
smallpox took the lives of many child@ralthough only six children are listed in the Square
Chapel burial register for this year (Singlet®@vQ@, 80; Hargreaves 1999, 89). Although this

is nearing the end of the living period for the cemetery population from Square Chapel, these
are clearly tumultuous times at the end of the eighteenth century and the early years of the
nineteenth century. Ored the hypotheses in this thesis is that drastic changes in circumstance
may be visible in both skeletal stress indicators (malnutrition), potential childhood stress
(enamel hypoplasia) even in those who were buried as wealthy individuals. Although precise
timing of dental calculus deposition cannot be known, there may be differences in the type
and quantity of food or environmental debris which may indicate differences in social status.

During the latter half of the eighteenth century Halifax was boominfgoth trade and
population, which more than doubled during the interval between 1750 and 1800 (Hargreaves
1999, 114). Technological innovation and competition from Leeds, Huddersfield and
Bradford destroyed the independent weaving tradition and drove rnagek work in the
growing number of factories and mills. As noted above, many spimming, fulling and corn
mills remained watepowered before the adoption of steam in the 1820s, and many of the
fancier fabrics continued to be woven by hand (Hanson 2Z289). From 1810, Bradford
overtook Halifax in worsted manufacturing, prompting mill owners to expand production in
other textiles, such as cotton, which later overtook all the other cloth industries apart from
Manchester (Hanson 1920, 258).

As the textik trade grew, so too did the population (see Table 1). Halifax was a town mostly
constructed of local red brick and timber framing in the sixteenth and seventeenth centuries,
many of which were réaced with stone in the eighteenth century giving the mgkia new,
fashionable improvement in line with the ideals of the now prosperous mercantile class
(Sutcliffe 1996, 56). The | arger houses buil
end of the town and surrounding areas (e.g. Sowerby), masigndd by esteemed York

architect John Carr, noted for his Palladian style public buildings (Hanson 1920, 210); the
poorer districts were located in the eastern end of the town near the factories and workshops

which employed them (Hargreaves 1999, 799 hAltugh Hal i faxés mai n wa
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water came from the spring at Well Head, it was not piped to all areas, especially the poor
areas which were left to draw water from the Hebble Brook which was heavily polluted by

mills and dyeworks, allegedly causingu mer ous di sease outbreaks i
end of town (Singleton 1970, 139). Later sanitary reports on the town, such as Ranger (1851),
lamented the overflowing open drains, lack of sewerage and piped water encouraging the
spread of disease thigliout all levels of Halifax society, which shall be discussed in more

detail later in the thesis. While Halifax did indeed experience a degree of expansion and
urbanisation, it remained a relatively small todigyre 2), especially when it is compared to

larger cities such as Manchester.

PLAN OF HALIFAX IN 1761.
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Figure22iPl an of the Town of Halifax, West Yorkshire, shouv
(1761) document ID: 100831 (calderdale.gov.uk).

The Square Chapel

THE REV’D TITUS KNIGHT
1719-1793

FIRST PASTOR AND CREATOR OF THIS CHURCH
IS BURIED HERE, SIX ROWS IN FRONT.

LEDGER STONES CAN ALSO BE FOUND FOR HIS
FELLOW FOUNDER MEMBERS:
JAMES KERSHAW,

BENJAMIN ROBINSON, WILLIAM POLLARD,
BENJAMIN DICKENSON, JONATHAN HODGSON,
WILLIAM THOMPSON, JOHN ACKROYD,
CHARLES DEARDEN & WILLIAM CLAY
DONATED BY ROBIN & JESSICA SUTCLIFFE 2011

iy AL IFAX .
afifax® -

Figure 3: Left, the Square Chapel soon after completion in 1775, engraving by T. Bradley (Document ID:
100473, Calderdale Council J[online]); Right, Black pl a
the Square Chapel in Halita(openplaques.org).
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The congregation of the Square Chapel was one of the first to form after hearing the preaching

of John Wesley (1708 1791), joining the Evangelical movement sweeping England in the

second half of the eighteenth century (Hibbard andligs 2013). They were termed

Met hodi st s, after those following the O0metho
separate from the Anglican Church as 06di sse
former collier and Methodist preacher, the Bend Titus Knight (17191 1793)
commissioned a new Meeting House to accommodate his growing congregation in Halifax at

great expense, which when finished in 1772, was the largest Independent Chapel in England,
later known as the Square Chapel becausdso$dquare foundation (Calderdale.gov.uk).
Twentyone years after the Chapel ds completion,
would be laid to rest in the | ower churchyar
on 8 March 1793 (Squafehapel burial registefigure 3). The location of the Square Chapel

today is across from the main train station, but at the time of its construction (1771/2) the area

was dominated by open fields on the edge of the town, where eight years later thecamgnif

Piece Hall would be built directly behinfigure 4).
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Figure 4: Fire Insurance Plan of Halifax, Yorkshire: Key Plan 1 (1887) Charles E. Goad Limited
(Calderdale.gov.uk). The red arrow indicates the location of the SquaapeCwith the large rectangular Piece
Hall directly behind (green arrow).

Although historical documentation, such as trade cards and other forms of advertising, is
patchy at best for polite retailing in Halifax, there is slightly more information abeut th
location of prominent buildings and improved areas within and surrounding the town. The
seventeenth century commercial centre of Halifax encompassed Woolshops, Northgate,
Southgate, Lilley Lane, and Lower Kirkgate, became fashionable in the eighteetuty ce
thanks to the donation of land and finances by John Cayagill (11@87), and the designs of

architects John Carr of York who created in the southern end of town the elegant Georgian



41

Square (1759) surrounded by fashionablelmeck townhouses andagdens, and Thomas
Bradley who designed the Piece Hall (1779) and the Square Chapel (1771) where he would
later be buried (Hargreaves 2020, ¥32Stuart 2018, 9). Woolshops and the High Street
became home to specialist luxury shops including tailors,ere&rdrapers, grocers, jewellers,
clockmakers, and the most famous of all: the luxury bookbinder in England William Edwards
of Halifax, whose son opened a satellite shop in London (1784) selling rare and finely made
books to the wealthy and discerning frboth locations (Hanson 1920, 211; Hargreaves 2020,
101). Huge, elegant public baths and pleasure gardens along Lilley Lane (just south of the
Square Chapel) helped transform Halifax into a fashionable Regency spa town, which
managed to mai mthnai ndésittag edrydr aalppearance thro
despite its remote location and narrow, irregular stdeathhough many polite shopping
streets were cobblestone paved Hargreaves 2020, 118 & 161). The surrounding areas were
more spectacular #ti with the landed gentry (prosperous merchants and mill owners)
preferring to build their Palladian mansions (many designed by John Carr, see above) in out
townships such as Sowerby and Northowram, which also made them more liable to be taxed
than the irtown Halifax residents, many households living below or at the poverty line
(Hanson 1920, 210; Hargreaves 2020,-2T®& 210). It is beyond the scope of this thesis to
investigate all the surrounding districts in detail where, according to the Squared Qg

register many of the congregation lived, but it may be sufficed that the area surrounding the
Square Chapel was at least prospergadite, and improved to the standards set by the
fashions of the late eighteenth century in England.

Excavation ad clearance of the lower burial ground behind the chapel was conducted in three
phases: the first and second phases were commissioned by the Piece Hall Transformation
Project of Calderdale Council, carried out by WYAS Archaeological Services over theperi

of 28 April to 29 July 2014, and 16 October to 2 December 2014 (WYAS 2016, 1); a further
third phase was conducted by Wessex Archaeology from 29 September to 20 November 2015
(Wessex Archaeology 2017). The Square Chapel has since been converteaitscantre,

after acquisition in 1988 by the Square Chapel Trust and final clearance of the cemetery was
set to be undertaken. Earlier works and interference in the burial ground, such as road
widening in the 1960s and clearance andrangement of thgravestones in 1978, had
moved the grave markers out of their original placement (without moving the burials as well)
leaving nearly all the skeletons without associated names, unless the coffins retained their
name plates (six were found out of all 3lHividuals) (WYAS 2016, 5 & 75). No
contemporary burial plan exists to consult for names and positions of graves. For example,

William Fletcher, aged 56 years and buried in 1849 (beyond the Square Chapel register dates)
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was recovered with his coffin platdthough his grave marker was located elsewhere in the
cemetery (WYAS 2016, 78).

Skeletal preservation was variable in the Square Chapel collection, with those buriedin brick
lined graves (thought to be later inhumations) were better than (earlietf®ceagraves.

Coffin furnishings were used by the excavators to infer the status of individuals; all recovered
furnishings (decorative coffin grips and embellished plates) appeared to b@nudissed
die-cast, standardesigns,and materials similar tche relatively prosperous middidass
buri al s a-ih-theBullring & Bitniinghdrs (Brickley et al. 2006; WYAS 2016, 75

& 146). Most documentation for the Square Chapel individuals has been gleaned from the
burial register (1771 1837) which is ne&v housed at the National Archive in Kew. After 1837,
burials were recorded under civil registration in England, and records for Square Chapel
burials after this date have not been found, although recovered coffin plates represent burials
as late as 1870 drgravestones as late as 1895 (WYAS 2016, 245). Most graves contained
family groups in O0stacksdéd (one above the
(usually young) children; older children presumably having their own separate family graves.

Interestingly, although there is very little information linking individual skeletons with names
(apart from those with name plates), the burial register contains information on where the
people lived prior to burial, with very few living in Halifax itseMlany, it seems, lived in the
surrounding suburbs and neighbouring districts such as Sowerby, Skircoat, Northowram and
Southowramfigure 5). This contrasts with the excavations and burial register for Manchester
Cross Street Chapel where numerous sketetould be matched with names as we shall see

in the next section. However, nearly every entry of burial was accompanied by the age of the
person which has allowed a fairly accurate lived time period (before death) for almost the

entire population.

ot
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Townships in the Parish of Halifax
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Figure5 Map A shows the location of Halifax within the West Riding area of Yorkshimafd.com), with map

B (inset) indicating where the majority of individuals listed in the Square Chapel burial register were living at
their timeof death (Backhouse 2018). The vast majority of people are listed as living within Halifax itself, but a
portion of them are listed as coming from the surrounding areas such as: Sowerby, Northowram, Southowram,

Skircoat and Hipperholme.
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Figure 6 Map of the United Kingdom indicating the location of the three cemetery populations used for human
dental calculus debris comparison-feps.com 2002020). Red st& Manchester Cross Street, Green star
Halifax Square Chapel, Yellow st&alSt . Pet er 6s Leicester (Radini 2016).

The second skeletal population, used primarily for comparison with the Halifax population,
originates in Manchester, 28 miles southwest of Halifax, which was one of the fastest growing
citiesin Georgian England built on the cotton textile industry (Barker 2004, figlife 6).

Unlike London, Manchester was not a traditional dliteen society (i.e. aristocracy), rather

it was a middling consumerist culture favouring hard work and religiaafid(R002, 68). The

city expanded so rapidly during the early industrial period, with its jumble of differing building

styles and unpaved streets, for which tlemds Mercury(1852) later commented that it

il ooked as iif the town had used an earthgqgua
1964). Rapid expansion also led to a decline in housing standards, and John Aikin travelling
through Manchesterin 1795 wrote ofthemy he knew had been fl ost
in damp cellarso (Nevell 2011, 600) as the v
squeezed into smaller plots. Archaeological evidence for housing and house types in
Manchester indicates a peimkdevelopment during the years 1800840 where rear yards

of existing larger homes (T8century) were developed into cramped tenements lacking
sanitation provisions for the additional families (Nevell 2011, 594 & @flle 3). Some of

the worst examps of these types of makeshift housing can be found in Greengate, Salford
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(built 17907 1794), where rooms (one up, one down) were only 3.5 meters square with
shallow foundations and one small fireplace, making them prone to damp (Nevell 2011, 602).

Population and Dwelling Statistcs in Manchester
Years Population Growth
1801-1821 75,281 -- 126,066
1821-1851 126,066 -- 303,382
Dwelling Growth
1773-1821 3,446 -- 17,257
1851 50,000

Table3 Population and dwelling statistics compiled from Nevell (2011, 596).

In the 1780s, rich and poor lived side by side with many working out of their homes: smart
Georgian terraced houses h albackwfthetk,eeceniingr es i d
more subdivided and crowded as the century drew to a close (Kidd 20622, IBvas not

until 1844 that a new blaw banning the construction of batikback houses (no rear yard

for ventilation or privies), where it had become Wmcahat 20,000 people were living in cellars

together with pigs and donkeys (Kidd 2002, 53). It was Thomas Percival, a member of the
Manchester Board of health in 1796, who was the first to draw attention to the urbanisation

effect on populational healte,t at i ng At hat only seventeen yea
mill opened in Manchestero and the smoke pro
(Bowler and Brimblecombe 2000, 2). At once Manchester addressed the problem,
devel opipgtal Dcahegovernment policy, and a s
the problem of industrial pollution; despite this early action (national laws were enacted
against excessive pollution in 1860), disease, poor quality housing and lack of public wat

and sewerage remained unresolved (Bowler and Brimblecombe 2000, 72 & 95). Poor quality
housing and lack of sanitation is likely to be visible as changes in microdebris types and
quantity as an increase in certain mould types associated with damp remusimgproperly

stored food as well as potential increased evidence for parasites resulting from improper

cleansing of soil from food.

Al t hough most of the reports on the health ¢
nineteenth century, it may lsssumed that the authors were recording an ongoing problem

that had begun a long time before. Reports such as that by Chadwick (1843) record endemic
contagious disease in the overcrowded poor areas, which they intimate to have spread to all
levels of Manchster society. In the late eighteenth century, overcrowded tenements abutted
weal thy merchant és houses, all egedly <causin
cholera, typhoid and tuberculosis resulting in the second highest mortality rate in thg count

behind Liverpool by the 1830s; child mortality remained above 50% throughout the period

(Kidd 2002, 42). Limited piped water has also been blamed for the high morbidity and
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mortality rates (Pickstone 1984). If these studies are to be trusted, thert d¢lrbealth
(although not acute illness) should be evident throughout the population as indicators on dry
bone.

Steampowered cotton mills were installed all over the city from 1781 (40 years before
Halifax) accompanied by terraced housing for mill woskeyet the Manchester Board of

Health continued to decry its inadequacy (Collier 1964, 20). The largest casual workforce in
Manchester was comprised of poor Irish immigrants (well before the potato famine exodus in

the 1840s) who suffered severe wagedusity, concentrated them in some of the worst areas,

most likely not in the purposeui | t wor k e rShustleworth i$7@; Kidd(2602,y

119) . A possible exception to inadequate wo
suburb (the first of itkind in the world) of Ancoats, to the nordast of Manchester city
centre, surroundi ng iNV04tosappdtshe dgidwind cettorbindustryt i n
(although cotton would not be the dominant industry until the 1810s), where many of the
original houses are still in use today (McNeil 20068)7For most of the seventeenth and

ei ghteenth centuries, Manchester was best k
warehouses lined the extensive canal network where agricultural and other foosletaffs

stored before distribution to the city and elsewhere, although sadly there are few examples of

these canal warehouses still standing today (Taylor 2662, 2

Literacy in Lancashire was the lowest in England, especially among women, which was
associted with moral decline and antisocial behaviour, leading to a complete restructuring of
what would become the first true police force in the country (Kidd 2008).53owever, it

was not uncommon for many of the working classes in narthdustrial tavns to better their

lives by attending adult education classes, joining cooperative societies, and attending chapel
regularly (Kidd 2002, 118). The Manchester Cross Street Unitarian Chapel was the first to
organise a society to encourage the poor to dmie money, also founding the Manchester
Statistical Society which would recognise the need for accurate social statistics to help the
working classes (Pickstone 1984). According to the burial register, most of the parishioners
of Cross Street were fromahmanufacturing class and not originally from the labouring
classes, as was the case for many in Halifax. The greatest Nonconformist families worshipped
at Cross Street and would later hold high civic offices in the nineteenth century (Keefe and
Holst 2017 Kidd 2002).

In the final years of the Napoleonic Wars (1815) Manchester was at the height of its success
in the cotton industry, appropriatemuch referrtr
of the population was involved in specialist luxtirgdes and services, such as silversmiths,

coachmakers, watchmakers and wine merchants, very much like that in spa towns such as
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Bath, which appealed to the burgeoning nouveaux riches (Barker 2004).1@nchester

had been advertising itself as the plagc buy foreign luxury goods and the latest fashions at
the best prices, touted as Obetter t han
sophistication and polite society (Barker 2004, -635Manchester was also known as a
distribution hub for mported food and goods with a plethora of warehouses and transport
network over roads and canals from Liverpool to London and the surrounding areas (Kidd
2002, 17 & 35). Oats and wheat were brought in from Wales and the southeast of England for

distribution throughout the north, in addition to meat, dairy products and market vegetables

from Lancashire farms (Scold 1992). The bulk of the fresh vegetables such as cabbage, peas,

turnips and beans were grown for animal fodder but, with the exception of raralmrcand
asparagus for the wealthy, the absence of fresh fruit and vegetables from the typical northern

working-class diet should also be noted (Scold 1992). For instance, in 1833 the average cotton

[ T

spinnerds family at e plitkebacahgra eggd(raeiaddiet mi | k

deficient in many vitamins and mineralsvhich is interesting as spinners were not considered
poor at the time (Kidd 2002, 3. Dietary evidence for wealthier and middlass
households can be surmised from groceqyeaditure accounts, but these typically only list
dry-goods (tea, sugar, spices) with little indication of the particulars of the table (quantities of

meat and fresh vegetables) as these were not scrutinised by later nineteenth century social

reformists vho investigated the plight of the poor, such as Engels (1BdX}ondition of the
Working Class in Englandf. the above can be taken as an indication of wistydiets were
like during the eighteenth and nineteenth centuries, there would be littlenexideyond
starch granules and fine particles of other plant and spice materials present in the dental
calculus of any people in Manchester as meat and dairy foods cannot be detected with

microscopy alone.

There were also growing social divisions and clasat agoni sm wher e fAad:

conditions produced open hostility between

middlec | ass O6respectabilityd was perceived as

perceived as ingratitude for the librari@nd schools provided by the mercantile elites (Smith
2000, 264).

Cross Street Chapel

O6Nonconformistdéd typically refers to those
after Parliament passed the Act of Uniformity in 1559. Unitarians (I5pEeset), who
founded the Cross Street Chapel in 188u(e 7), practiced a liberal form of worship which
stressed peace, compassion and democracy in human affairs with a tradition of critical,

philosophical thought and support for scientific discovery (esteetchapel.org.uk) which

w

w
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is evident in many of the social reforms spearheaded by members of the Cross Street
congregation. Excavations from which the population used in this study were recovered from
the lower burial ground of the Cross Street Chaped Qurial register only convers the years
1785i 1840, although the cemetery was in use from 168852 (103 years) (Marsden 2014,

cited in Keefe and Holst 2017, Table 4). Sadly, the original chapel was destroyed by second
world war bombing. The currérhapel which occupies the site was built in 1997, partially
covering some of the graves which were left in place (headstones removed or levelled) (CFA
Archaeology 2017b, 58). However, as with the Halifax Square Chapel population, birth
years and age aeath were also given in the Cross Street burial register which allows for
calculation of the lived years of this population, which time period closely follows that of
Square Chapel. Of the 36 individuals included in this study, the earliest birth yiedGis

mean birth year 1771 and the oldest person buried here at 96 years old. This, as in Halifax,
encompasses almost the entire eighteenth century for lived experience for at least some of the
population, and therefore mainly eighteenth century and eiadyeenth century contexts will

be afforded them.

Burial Register Statistics: Manchester

Mean birth year 1771
Earliest birth year 1710
Oldest Person 96 at death
Mean age at death 48 years
Mean year of death 1815

Table4 : Lifetime statistics compiled from the Manchester Cross Street Burial Register, held at the Manchester
Central Library Archives
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Figure 7 Churches, Unitarians, Cross Street Chapel, Manchester, engraving (1890), Manchester Libraries,
Information and Archives, document ID: GB127.m68747 (online).

Unlike the lacuna of residential information in the Halifax Square Glmypial register, there

is a wealth of information on the parishioners of Cross Street. A survey of addresses of Cross
Street individuals conducted by CFA Archaeology (2017b-@8)5feveals that they hailed

from several cosmopolitan streets in the citytoe such as Princess Street, Ardwick,
Piccadilly, Market Street, Mosely Street, Br
members of the congregation of Cross Street were drawn from some of the more prestigious
areas of the middielass in Manche t efigude 8), Some of the Cross Street residents also

resided in and around St Anned6s Square, the
there were a number of higind and specialty shops (CFA Archaeology 2017b, 499 &
APPENDIX 4: Death Regds 17911 183 9) . The streets around S

widened and improved, lined with many elegant new buildings marketed directly to luxury
merchants (such as tea dealers and confectioners) for their shops and warehouses in a bid to

O0i mpr oveeads ,t hael tahrough many London observers |z«
commercial i smdé ( WBS). it woulék se&) despite th2 TomercialSature

of improvement, the residences of the Cross Street congregation catered to -theeieel

ard polite in Manchester society.
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Figure 8 : (left) location of Cross Street Unitarian Chapel (red star) in relation to the most fashionable shopping
areas in central Manchester, such aosf Sth eAnnmeadgse ) S g ufiaPrl
Manchester and Salford in Englando [1810, detail ], c at
St Charles University, Czech Republic). (right) Chapel Walks from Cross Street (chapel on right), photograph

(1914) Manchestdribraries, Information and Archives (online, document ID: GB127.m00873).

Excavation of the Cross Street Chapel lower burial ground were commissioned by Transport
for Greater Manchester (project code TFGM3/2162) and conducted by CFA Archaeology
Limited betveen September and November 2015, including the exhumation of 241 skeletons,
172 of which could be correlated with named individuals (CFA Archaeology 20-6jaThe

burials in the lower burial ground were located below the footpath and carriagewawasthe

of the chapel (due to road widening in the lat& @&ntury) before the new Metrolink track

was to be laid, as the upper burial ground had previously been cleared of graves to build the
Observatory office buildings in 1996, leaving the lower biialind in place. Documentation

and transcription of the grave markers by Thomas Baker (L8855, referred to as The
Baker Book) in a small book held by the Chapel (CFA Archaeology 2018 angl 2017b,
Appendix 3). Death and burial records are held iy Manchester Central Library. All
individuals were buried in coffins, although there was extensive damage caused by grave
intercutting and intrusion from utilities works in the late nineteenth century, causing
disarticulation and partial loss of some sitehs, associated coffins and burial furnishings
(CFA 2017a, 22). All the graves were eattit with no bricklined graves (as there were in

the later Square Chapel graves), with standardised coffin embellishments indicative of middle
class status, similaro t hose wused i n Hal i f axtheBgling,r e Chay
Birmingham (CFA Archaeology 2017b, 153.

Summary

The period of industrialisation in England (176@850) encompasses the acceleration and
intensification of increased trade in eixogoods, transport, urban expansion, agricultural

improvementand internal migration which began first in the late medieval period after 1500.
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The eighteenth century in particular is also
and O p oih tovin @laneisgsp@rsonal deportment and tastes (both public and private),
and sophistication in the adoption of novel goods, of which tea, coffee, sugar and tobacco
were some ofthe most popular fruits of Empire. The primacy of the closed shop, as appose

to the open marketplace, becomes the place to see and be seen engaging in polite consumption.
The less optimal side of improved urban settings were the increasing problems of crowding,
pollution,and sanitation which many would argue resulted in widesipegluctions in health

and nutrition in all levels of the population, which osteoarchaeologists and historical records
reveal reduced stature and increased chronic conditions in thmpdigval period. Halifax

Square Chapel and Manchester Cross Stremetery populations, as representative of the
urban and semirban middleclasses in provincial English towns who lived through the most
intensive period of industrial and social change in its entirety from 12@30 andare well

placed for comparison i other large trading centres such as Birmingham and London. The
next two chapters will introduce the methods and approaches used in archaeological science

and how they will be applied in this research.
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Chapter 2Archaeological Science Methods afdproaches

This chaptereviews the mechanisms of calculus formation and why it is so important and
informative in archaeological research. Dental calculus microscopy and biomolecular
techniques are explored in the literatiaed how thegomplemenbther bioarchaeological
techniques. Comparisons are made between dental calculus microscopy and coprolite
analyses which also include combinations with biomolecular and chemical analyses.
Specific instances where dental calculus researchaaplementour understanding of

archaeological environmerase also explored.

Dental Calculus and Archaeological Science

Dental calculus is formed by an intricate series of events. First, teeth are coated by a salivary
glycoprotein called a pellicle whichlavs bacterial colonizers, such@septococcus mutans

to multiply and form a biofilm, with subsequent bacteria adhering to the accumulating biofilm,
creating what is known as plaque (Lieverse 1999). Periodic calcification of dental plaque
provides a roghened surface for further biofilm accumulation, frequently resulting in
cariogenic conditions as bacteria produce acids asmdauct of metabolising dissolved
nutrients (primarily sugars and starches), undermining and penetrating the dental enamel
foomi ng a carious | esion or &)xQ@vertimeydeépogitibhiol a r i
minerals dissolved in saliva work to calcify soft dental plaque, trapping and sealing all
componentd bacteria, microdebris, host cdllsvithin the hardened matrix whicis now

known as calculus. Calculus forms the largest accumulations on the lingual surface of lower
anterior teeth and buccal surfaces of maxillary molars adjacent to the sublingual and parotid
salivary glands (Hayashizaki et al. 2008, 1fe@res 9 & 10 below). Although the length of

time calculus takes to form is variable, these larger deposits are often targeted for
archaeological analyses as the assumption is that fast and prolific formation should yield the

most information in the form of dietary aedvironmental microdebris.
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Figure9 Maxillary 1st and 2nd molar buccal (cheek side) heavy calculus deposits (yellow arrows), Halifax skeleton
20 prior to sampling.

Saliva is integral to the formation of dental biofilms and tlenmtenance of the overall oral
environment. Salivary flow, or lack of, has been observed to negatively affect the incidence
of carious lesions in patient with dry mouths, which does not facilitate effective oral clearance
of food debris and bacterial acculations (Su et al. 2011). Marcotte and Lavoie9g 92 3)

stress the important role of saliva in the maintenance of enamel integrity (hardness) via
calcium, phosphate, and magnesium ions which assist remineralization after acidic episodes,
such as whenefmentable carbohydrates are consumed. This mechanism is the same for the
hardening of dental plague and the formation of calculus most often in the regions of the major
salivary glandsf{gure 10 below). They also stress that oral diseases are the ce$ult fi a n
imbalance among the indigenous microbiota, leading to the emergence of potentially
pat hogenic bacter i a3, 72).\D&soleed nutrients framdthe dietare i e
also present in the saliva, in much the same way as they are in the fbleel@to nourish

or diminish various species of microbes naturally present in the oral environment (de Almeida
et al. 2008).

1¢
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Figure 10 Location of major salivary gland and their ducts in the human oral cavity. The two madasglan

relevant to dental calculus formation are the parotid gland which helps to

calcify calculus on the upper

(maxillary) molars on the buccal (cheek) side of the teeth, and the sublingual (under the tongue) glad which
solidifies calculus on the back (tongside) of the lower (mandibular) incisors (Walker 2019).

There are several dietary elements which have been shown to encourage cariogenic bacterial

accumulatiod carbohydrates such as sugar and refined slaactl dental plague which is

the focus of recentisdies looking at rates of caries and calculus accumulation today (Hujoel

2009). Other suggested correlations of plaque accumulation and associated periodontal

disease include smoking, age (increase over time), education level,ctas$end lack of

oral hygiene (Neely et al. 2005, 984). Modern clinical trials demonstrate that untreated plaque

accumulation, even in the absence of caries, results in decreased attachment of teeth in their

sockets (Axelsson et al. 2004, 750). This detachment works byalisagushing down the

level of the gums, exposing the tooth roots (which are more susceptible to cariogenic activity),

and lowering of the alveolar margin of the tooth socket in the jaw. The ligaments which hold

the tooth in place are also reduced causixiga movement during mastication, exposure to

colonizing bacteria and their metabolic-psoducts (acid, inflammation), eventually leading

to the shedding of the tooth or teeth affected.

Protein consumption causes an increase in blood and oral fluidvbieta causes bacteria to

produce ammoni a, i ncreasi

ng

salivary al

k al

content of drinking water and this may cause some individuals to form larger accumulations

of calculus than others (Lieverse 1999, 524 However,

a diet dominated by soft

carbohydrates, such as the extremely white bread popular with all classes during the late 18th

and throughout the 19th centuries, increases plaque accumulation and the frequency of dental
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caries, abscesses, and amiartem t@th loss resulting from alveolar recession and not caries
which has been observepr 0 gr ekeshleysidsdB{262)li es t o
Streptococcus mutaipdays a key role in metabolizing sucrose to produce lactic acid (in cases

of excessive sugar consumption); also, sucrose can be metabolized via ghrubfylctosw
transferases which forms a key contribution to the physical integrity of plague &laky;,

cooked starches are also retained in the mouth longer (20 mins) than sugary substances (3
mins) which keeps salivary pH lower (increasingly acidic) for longer and thus undermining
dental enamel by making it soft and vulnerable to abrasion. Itlbaaen observed that

higher levels obifidobacterig lactobacilli, mutansstreptococcgroup of bacteria, and yeasts

are present in the oral fluids of cari@stive patients (Bradshaw and Lynch 2013663. Frei

et al. (2012) write that dietary fibregmotes the growth of anitaifammatoryBifidobacteria
andLactobacilliwhich can improve dental and bodily health (microbiome balance). It will be
informative to note the presence and volume of certain foods (starch and leafy greens for
example) preserved the dental calculus of individuals in the Square Chapel and Cross Street
burial grounds which it is hoped will shed light on the health and lived environment of
Industrial Revolution Halifax and Manchester.

Methods of food preparation also have theeptial to affect calculus formation. Fibrous foods

are thought to mechanically remove plaque deposits, as seen in-dpathterer populations
(Gaare et al. 1989), just as heavily processed, soft foods have been shown to encourage plaque
accumulations as isky, starchy foods settle around the alveolar junction at the gumline,
taking longer to dissipate than sugary foods (e.g. caramels) thereby providing an abundance
of carbohydrates to feed plagf@ming bacteria for up to an hour after eating resulting in
accelerated proliferation and accumulation (Molnar 1971; Eshed et al. 2006; Deter 2009).
Additionally, cooking alters the preservation of certain foodstuffs, such as starch, damaging
the granules to such an extent that they are unidentifiable (Radley EB68 stickiness refers

to the ability of food particles to adhere to dental surfaces, and for the length of time needed
for salivary oral clearance (Bradshaw and Lynch 2013). Clearance of dirt and food in the oral
cavity is one of the most essential ¢tions of saliva in addition to maintaining healthy pH

levels and regulating the oral biofilm (Humphrey and Williamson 2f@dre 11).
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Figure 11 Impacted food debris between molars (yellow arrows), (Daniels 2019).

Dental hygier, or manual cleaning of the teeth, is also a primary factor in the accumulation
of dental calculus and the maintenance of overall oral health (Axelsson et al. 2004).
Archaeological evidence for oral hygiene has been observed on interproximal grooviss in ea
hominin teeth suggested as use of toothpicks (Brothwell 1963; Ubelaker et al. 1969; Unger et
al. 2001; Radini et al. 2016). Traditional peoples, such as nomadic tribesmen in Africa, use a
variety of chewing sticks to both clean and treat oral conditidose et al. 2011). The
importance of regular cleaning away of plague deposits has been established in dental hygiene,
but this was not the case in the past. Dental hygiene tends to be localized amongst the elite
groups across ancient European populatiahich placed importance on dental cleanliness

and fresh breath, although there is some evidence thaglitves practiced rudimentary tooth
cleaning by rubbing them with a cloth and an abrasive powder such aslbsickr salt
(Fischman 1997). Ethnograle studies have shown that dental hygiene has been important
throughout Africa and Asia for hurSdlivagoths of vy
persica) which has many therapeutic properties besides mechanically removing food and
plaque from he teeth (Aumeeruddy et al. 2018). Archaeological surveys of dental disease in
the past tends not to focus on levels of dental hygiene, but rather on diet composition as caries,
calculus and tooth loss are associated with high soft carbohydrate consufivaiarand

Roberts 2015).

Human dental calculus has become increasingly important in archaeological research for three
primary reasons: 1) calculus is formed exclusively during life and ceases formation at death,
2) the stability and impermeability of calas in burial contexts prevents incorporation of
outside debris from entering the mineral matrix, and 3) human dental calculus piogities
contextuality of microdebris which has entered the oral cavity during the life of the individual
under study, ptentially preserved for thousands of years (Capasso et al. 1995). However, due
to the recent questions surrounding diagenesis of plant and starch remains from the deep

human past (Collins and Copeland 2011), microscopical evidence only dating baclasb the
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eight hundred years will be used in the current study. This method can be compared with other
methods of studying diet and environment laid out in the above section oMéutist/al
Archaeology in England (p. 41).

Archaeological studies of dental calgs are conducted primarily in three ways:
macroscopically quantifying the amount of the deposit and locations on the teeth,
microscopically examining the debris within the calculus, and most recently using
biomolecular methodwhich encompass both ancidbNA and other biomolecules such as
protein or isotopes. Macroscopic calculus analyses, in the early studies, tended to view dental
calculus as pathology related to diet (Dobney and Brothwell 1987; Lillie 1996; Keenleyside
2008). These studies also suggdsthat greater accumulation could be attributed to higher
protein consumption, a hypothesis that has since been discarded (Hillson 2005). Since then,
dietary studies using human dental calculus have become better refined and precise, often
using a combiation of microscopy and any number of biomolecular techniques as
complimentary methods to add depth and understanding to merely quantifying microremains
and chemical signatures. Below, | will outline some of the most utilized methods for dental

calculus reearch.

Biomolecular Approaches to Human Dental Calculus

Proteomics is the study of the O6variability
in cells and tissues) which are influenced by environment and disease (Vlaanderen et al. 2010).
In archaeology proteomics has been most often used to reconstruct ancient diets up to 1 million
years in the past (Hofreiter et al. 2012; Cappellini et al. 2014). The impermeable mineral
composition of dental calculus facilitates long term preservation ofrarimimolecules like
proteins and DNA situ from the host, the oral microbiome, pathogemssironmentand

diet most notable for the identification w@fxaspecific milk proteins (Waniner et al. 2015).

Host response to pathogens and immunity can @sketected with the aid of metaproteomics
which identify changes in the host (human) protein response to infection and pathogen
proliferation (Warinner et al. 2014; Jersiéritensen et al. 2018). Ancient DNA analyses have
revealed information about the ygin which the human oral microbiome, the commensal
bacterial community colonizing the oral environment, has changed in the wake of major
dietary shifts, such as the transition from hunting and gathering to dependence on agriculture
and again during thedtlustrial Revolution (Adler et al. 2013). Some of the initial major dietary
findings using ancient DNA analyses include identification of wheat, pig, sheeprassicas
(Warinner et al 2014). Proteomics has again been utilized to discover the types of milk
(invisible) used in China and England (Yang et al. 2014), although Hendy amdrkers

(2018) point out that no environmental or occupational proteia® wletectable such as
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textiles (cotton, linen). Milk proteins have been the most successfully identified biomolecule
with evidence derived from ancient pottery and human dental calculus which can be isolated
down to species level (Waner et al. 2014, Bekley et al. 2013; Hong et al. 2012; Solazzo et

al. 2008). These methods have the potential to reveal dietary aspects of diet which cannot be
visualised, such as when elements are too small or are present only as a chemical signature.

Both ancient DNA angrotein analyses compliment microparticle analyses to great effect.

Other methods which have been used in conjunction with optical microscopy are gas
chromatography mass spectrometry (@S) and isotope analysis to detect a broader range

of dietaryelements. Gismondi et al. (2018) used optical microscopy to record the presence of
a variety of dietary starches and ®4S to detect traces of medicinal plants, wine, and traces

of cuisine such as olive oil and acorns which were typical, but heretofoetegiet, of the

poor region of Italy where the calculus was collected. Stable isotope analyses were used by
Cristiani et al. (2018) on human dental calculus from Mesolithic Croatia as well as optical
microscopy which revealed fish scales and flesh in ixidib high nitrogen isotopes which
indicate a heavy reliance on marine protein. This shows the growing trend in the importance

of human dental calculus as a repository of environmental information in addition to diet.

Microparticle Analysis

The impact an@pplications of micranclusion analysis of human dental calculus has been
increasingly recognised in the last two decades. Initial investigations primarily concentrated
on questions of diet, focusing on starch (Hardy et al. 2009; Power et al. 2014 cEaarel

Barton 2006; see al#gppendix 2) and phytoliths from both dietary, environmengald nor
masticatory (chewing) use of the teeth (Henry and Piperno 2008; Fox et al. 1996). Starch
analysis was originally carried out on residues on objects suctinaing stones (Garcia
Granero et al. 2016) of great antiquity, subsequent researchers applied the same principles of
starch analysis to investigate Neanderthal dental calculus (Henry et al. 2011). Optical
microscopy has been the method of choice for thgses of investigations, which involves
manually removing the dental calculus from the tooth using dental scalers and picks. Methods
to break down the calculus matrix vary: some researchers prefer to dissolve the calculus flecks
in hydrochloric solutiongHardy et al. 2009), whilst others choose to grind the calculus
samples before mounting the powder on glass slides in glycerol for viewing (Henry and
Piperno 2008; see the full list of earlier studie8fpendix 2). Starch is most easily identified

in transmitted crospolarized light at magnifications of 200 to 400 times actual size which
highlights the O6éMaltese crossé pattern of
(Barton and Torrence 201figure 12).
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20pum

Figure 12 A) damaged bimodal starch grains (Triticeae family), note the disrupted extinction cross of the larger
granule (HSC 140); B) damaged and bloated starch granule, possibly Triticeae due to lenticular shape in 3D (not
visible in photos; HSC 75); C) cracked stagranule, potentially from grinding or dheat damage (HSC 66).
Scale bar 20¢m, 400x magnification.

The study of starch granules is not without its drawbacks as visual identification using modern
reference collections or atlases is hampered by altesatiade to the startieforedeposition

in fresh plaque deposits in the mouth. Lippi andvaskers (2015) suggest that grinding and

milling potentially increase the size of the starch grains, whilst Henry et al. (2009) conducted

an examination of starch @n morphological changes during cooking, milling, grinding,
parching and drying, all of which can make it very difficult indeed to identfigure 12)

starch to anything closer than the tribe of plants to which they belong. Morphological changes
include breakage of the hilum, deformation, and decreased or total loss of birefringence in
crosspolarized light (Barton and Torrence 2015, 196). For example, the Triticeae tribe of
grasses includes crop species of wheat, baaley rye, in which the cooked gnales (most

humans do not consume these in their raw state) are too distorted, bloated or cracked to be
identified to a species level. Starch trapped in macerated food particles may be better preserved

in dental calculus by reason of less degradation phiaamylase in saliva (Barton and
Torrence 2015, 196; Copeland and Hardy 2018). Power aadtbors (2014, 161) stress the

i mportance of proper training in the recogn
several other calculus components, sastcysts, mineral grains, fungal spores, wood cells,

and air bubbles may be confused with starch
inclusions are expected to be present in the Halifax and Manchester samples, yet they are
important in the iterpretation of past environments, food habits and occupational dust
contamination, demonstrated in Radini, Nikita and Shillito (2016) for medieval urban
environments and Hardy et al. (2015) for respiratory irritants and dietary inclusions.
Interestingly Leonard et al. (2015) conducted a study of Twe forligerr t i cul t ur al i st
diet and microremains in dental plaque in which they found the predicted abundance of
starches was not represented in actual counts. They surmise that greater than 70% were not

i denti fi abl e-apymsesiéstuctipn (id sakva) tather than damage consistent

with cooking and processing (Leonard et al. 2015, 454) and therefore state that dietary debris
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in calculus is a better estimation of overall dietary breadthegpdipulation level rather than
at the individual level.

Additional microscopic plant materials which have been used to great success for
reconstructing ancient environments are phytoliths (minute fossilized plant particles) and
wood debris. Phytoliths, omicroscopic silica structures within plant tissues, have been
compared between those found embedded in human dental calculus, soil gathered from the
abdominal area in skeletal burials and those found in soil sampled from the surrounding area
(Fox et al. 196; Shillito 2011). When these samples are compared, plant dietary elements can
be compared with botanical remains from the surroundings. This has been done with success
observing phytoliths under light microscopy with further identifications of elemesing u
scanning electron microscopy and energy dispersikay xspectroscopy (Fox et al. 1996).
Non-dietary botanical inclusions such as wood are also useful in detecting the use of wood as
toothpicks (Neanderthal use of conifer) or as contamination frompation (woodworking

and carpentry) (Radini et al. 2016).

There are several studies (Murr 2009; Lozano et al. 2008; Charlier et al. 2010) which have
applied scanning electron microscopy (SEM) which worlanayseparticles on the

surface of a calculusapticle via an electron beam producing high quality topographic
magnification images. This technique has been put forward asdeastmictive method for
detecting micreremains in situ within the calculus matrix surface layer, revealing clusters of
pollen, starch and sponge spicules (extremely rare) wedged inside cervices in the calculus
presumably originating from clumps of chewed food were observed (Power et al. 2014, 162
5), this allowed the researchers to identify starch granules morphologicallyighth h

powered microscopy. Whilst it is a novel concept observing food renmegitsiand more
effectively ruling out contamination from modern starch and pollen, greater or total numbers
of inclusions are only observable using optical microscopy (OM) ebhlied calculus

(Power et al. 2014, 161).

Ancient Environments

Throughout human history, and with the increase of large sedentary populations, division of

| abour has been an i mportant aspect t hat c
specialisabn and di vision of 6craftsod6 developed
important for this study. Whilst in the ancient past craft industries developed a specialized
form, with the introduction of steaymowered mechanization in the eighteenth centoitage

industries were gathered under one roof in factories with both sexes workiroysidke.

This would create greater quantitiesaaicupational dusthich, in theory, should be very

visible from the industries prevalent in Halifax and Mancheskerning the industrial
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revolution such as the cloth manufacturing industries. In Halifax, for example, greater
numbers of women and children were employed in cloth manufacturing than men (they were
paid far less than men) in the late eighteenth/early réngtecenturies (Morgan 2011,-33
Hargreaves 1999, 87) and in theory, should have similar debris patterns visible in their dental
calculus making sex division of labour difficult to detect.

It is important to state that food is not the only thing that enters the mouth. Dust is
everywhere, both indoors and out, and it should seem logical that dust particles settling on
food, the lips and hands, and inhaled through the mouth should end wgdtiaplental

plague and eventually becoming encased in calculus. Radini, Nikita and Shillito (2016) and
Radini (2016) have written that many occupations produce copious dust which, during work,
can be potentially inhaled through the mouth only to be d=tasgnturies later with optical
microscopy. Most recently, Radini et al. (2019) detected pigment particles in medieval

dental calculus which was thought to result from document illustrating. Accidental ingestion
can be just as likely as inferring ndietay debris introduced by using the teeth as tools

(Hardy & Moncel 2011; Radini et al. 2016). The use of teeth to hold material in the mouth
as a O0third hand6 is well documented in the
accompanied by characteristic danwvear (Bonfiglioli 2004; Eshed et al. 2006; Hinton

1981; Lukacs and Pastor 1988). A summary of ethnographic evidence for anterior teeth used
as a third hand is provided in Kreuger and Ungar (2012) in North American and Inuit
populations including softeng hideswood,and root fibres. It is also important to consider
nondietary induced dental abrasion resulting from the degree of processing (softening) and
cooking of food with hard inclusions by examining the occlusal surfaces of teeth (Deter
2009). Nommasticatory use of the teeth has often been observed in Neanderthal populations

with heavy anterior wear (Clement et al. 2012).

In the context of the poshedieval periods, in the textile and clothing industries, starch
would have played an important rarefinishing and preparing fabrics, although this should
technically only apply to workinglass individuals and most probably not people of middle
or upperclass. Handling of prepared and purified starch, such as powdered pigments for
cloth dyeing (Eastugh et al. 2004), would have been aerosolized and hence inhaled and/or
trapped in the mouth during work. It has been noted in other occupations in which great
quantities of dust hang in the air, that crusts will form around the nasal and oral openings,
ard in the case of textile workers, cause respiratory disorders such as byssinosis from
inhalation of microparticles from the fibres during processing (Sahle et al. 1990). Starch for
cloth stiffening was primarily derived from wheat: milled wheat was soskegter for 14

20 days with infusions of yeast cells to break apart the gluten protein molecules to release

the purified starch; new extraction techniques allowed rice and maize starch to be used (rice
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from India and maize from American colonies) althotigh and maize starch was primarily
used in France during the"18entury. Wheat and potato starch were preferred as cloth
stiffeners in England for all 18and 19" centuries (Peckham 1986,-38). This presents a
problem with identifying starch as sty dietary during the poshedieval period, although
the starch used as cloth stiffener would be of the same type used in bread.

The natural and built environments can be observed as microdebris in dental calculus

comprising organic (spores, fibres) andriganic (soot, soil) of natural or anthropogenic

origin (Hardy et al. 2015). Airborne dust (particulate matter) is of primary importance to this
study as respirable fine particles (less tha
pathologies visiblén dry bone such as maxillary sinusitis and pleural rib lesions (Yang and

Omaye 2009figure 13). Occupational dust is also of interest to this study as both

Manchester and Halifax are known for their textile production and an abundance of fine

textile fibre particles, a known occupational hazard in cloth factories causing byssinosis or
6brown lungd (Pope and Dockery 2006), woul d

individuals under scrutiny.

Nasal Cavity

5-10 pm

Trachea
3-5 pm

Bronchus
2=3 ym

Bronchiols
1-2 pm

Figure 13 Indication of particle sizand depth of penetration into pulmonary and circulatory systems including
associated disorders (Kumar et al. 2013).

Therefore, airborne particulate matter can highlight a few human industries including textile
work, stoneworking and pottery manufacturgrain storage (mould spores), food production
and woodworking. Industry may also be extrapolated through the observance of large
accumulations of soot or smoke, greater than would be expected from hearths or cooking with
coal ovens. Identifying palynomorph(plant and animal micrstructures which are not
pollen) are carried out using visual atlases and either physical or digital reference collections

such as the online database from the University  of  Arizona

(www.geo.arizona.edu/palynolopincluding textile fibres. These include bast fibres from


http://www.geo.arizona.edu/palynology
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flax and hemp, wood debris, hyphal fragments and mold spores in addition to arboreal pollen
identified by Radini et al. (2016, 304). The presence of pignfemts pottery painting and

fibres from fishnets and baskets linked to using the mouth as a third hand have been utilized
by Charlier and colleagues (2010) to indicate occupation rather than diet.

Factory Environments

Wood and paper mills as well as vasotarpentry workshops have been studied in recent

years to quantify the amount of wood particles ingested/inhaled by workers. Exposure to high
concentrations of fine wood particles have led to several health complaints in factory workers

such as crust irhe nose, throat irritation and cough, and after many years of exposure some
tumours have been associated with wood dust
6farmerds lungb6 are all coll oqui al exspressi
and other chronic respiratory diseases associated with those involved in wood, paper and
textile factory work (Sahle et al. 1990; Hayes et al. 1986; Lacey and Lacey 1987). In many
instances, dust in factories is contaminated with gmagative Enterobater agglomerans

and 1 positive @Actinomycep bacteria and fungi, many species of which are known to be
pathogenic Aspergillus fumigatys or producers of toxic or carcinogenic metabolites
(Aspergillus flavus, A. ochraceéysand allergenic Alternaria spp) (Lacey and Lacey

1987,15). Current safety guidelines suggest that 5mg per cubic meter of air of airborne
particles (whether dust or microbes) is well tolerated, but it must be assumed that during the

18" and 19 centuries dust exposure would have been far greater (Black et al. 2007). Particle
measurements vary from 3em to 30em (Sahle et
Biologically active fungi which are aerosolized during cutting, sanding, and ntiliiadbeen

linked with eye, nose and throat irritation, sinus and nasal cancer, chronic bronchitis,
decreased lung function in addition to increased susceptibility to allergic and respiratory
infections (Rogozinski et al. 2014, 706).

With modern health andafety concerns about contaminant exposure to workers, there has

been much research into airborne particles and possible related pathologies. Wood related
industries such as paper and wood mills, furniture and cabinet factories, as well as joiners and
carpenters (Hayes et al. 1986) where the primary source of dust is from sawing, sanding, and
milling which shatter the wood cells, projecting fine particles directly into the faces of the
workers (Harper and Muller 2002, 648). It has been calculated thaegtean 70% of the

particles suspended in the air inside these factories are respirable (small enough to enter the
lungs) with an average diametero8 € m/ | ®hegmh hcausi ng crusts to f
persistent cough with sputurasthmaand shomess of breath (Sahle et al. 1990;&%5ee

figure 13f or particl e size above). After many yea
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have developed tumours, sinus and nasal cancers, allergic alveolitis, chronic bronchitis, and
increased susceptibility trespiratory infections (Hayes et al. 1986; Rogozinski et al. 2014,
706). Many of these may not be caused by the wood particles themselves, but by the associated
fungal and bacterial species which commonly break down wood particles when sufficient

moistue is present.

Several species of fungal plant pathogens commonly associated with wood dust found in
factories, some of which are pathogenic suchAsgergillus fumigatusllergenicAlternaria

spp., and Cladosporium sppwhich are reputed to be cellulalyt(cellulose destructive)

causing fibre deterioration along with bacteria (Black et al. 2007; Sorensen 1999). Most spores
are |l ess than 5&em and able to enter the | un
pneumonitis, hypersensitivity pneumonitigmors, chronic fatigue syndrome, kidney failure,

cancer (Sorenson 1999, 469). As today, but more so in the past, wood dust accumulates in
various locations within factories, and if the conditions are right with sufficient moisture and

heat, fungal grovit commences releasing spores into the air and the airways of the workers.
Particles >10em will readily | odgel(emmtéairee up
able to penetrate deeper into the lungs and accumulate in the mucous membranes within the
paranasal sinuses (Lacey et al. 1972, cited in Radini 2016, 32). Microfungal exposure of
workers in furniture factories was studied by Rogozinski and colleagues (2014) where they
discovered that biologically active fungi are aerosolized during the magtohiwood. They

also add that whilst the exposure amount is relatively small, the properties of some of the most
common genera Penicillium and Aspergillu3 have allergenic and toxic properties
(Rogozinski et al. 2014, 705).

Fungal remains have receiveéds c ant attention in dent al cal c
silicified plant remains and pollen (Power et al. 20153} IThe species that decay and infect
plant and wood species are of great importance when investigating indoor air pollution. Dry
and wet rot in wood buildings was no doubt of considerable concern in the past as it is today.
Fungal and mold spore germination requires constant moisture levels above 30% for dry rot
and 60% for wet rot with temperatures above 20 degrees Celsius (Zain R@igal spores

fall on a suitable medium (wood) under moist conditions where tiny tubules (hyphae) permeate
the material forming a mat or web through the tissue called a mycdlitennaria sppis a

plant mold which is often found in but not exclusivelg@dated with wood rot. These types

of spores are found wherever wood is used or worked and have been an abundant inclusion in
the Halifax calculus samples of some individuals, both active infection and as single spores
(Baker 1969; Singh 1996).
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There isso much more to be gained by the use of optical microscopy of dental calculus in
conjunction with other observances of skeletal pathologies, such as maxillary sinusitis. In the
literature on maxillary sinusitis, theausei s of t en at t ru aluitteydd tbou té pwio
indication as to what constitutes O6bad aird
Woods and Shelton 2000). Dental calculus may hold the key to unlocking some of the causes

of chronic sinus conditions, like those listed aboveere excessive amounts of fungal spores,

wood or textile debris, or lithological elements, all of which are respiratory irritants, can be
plausibly linked to specific actions (craft or occupational activities) or adverse environments

in the case of fungadpores or soot particles. With that said, it is important to establish a
6baselinebé of particles observed in a popul a
particular particles) who also display associated pathologies (maxillary sinusiig)eca
highlighted.
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Chapter 3: Methods and Materials Part 1, Skeletal Populations

and Calculus Processing

This Chapter lists the materials and their sources which have been chosen for this study: the
two main skeletal assemblages, Halifax Squ@teapel and Manchester Cross Street
cemeteries, as well as the comparative skeletal assemblages and associated written
documentation used to create a cohesive picture of life during the early stages of the industrial
revolution in England (17001850). Setction criteria for dental calculus collection, rationale

for choosing particular methods over others, and the creation of a bespoke reference collection
tailored to materials common to the regions (including imports) have been listed. Methods and
materiab used in experimental technigues are also itemized with explanations in how they
were used to help to identify unusual or unexpected rulelwis during analysis. Further to

this, identification criteria used by the authors of the skeletal analysesnuthésl $study are

listed in full in addition to the dental analyses conducted by me for the Halifax population.
Finally, a brief overview of the statistical data analysis methods used to interpret observed

results are given.

Populations Analysed in this Resch

The two main skeletal populations used in this research are Halifax Square Chapéel (1771

1837) and Manchester Cross Street (1i78840) cemeteries (seppendix 4for sampling

information). Analysis of age at death revealed that the earliesykthin Halifax (1695,

mean birth year 1797) followed by Manchester (1710, mean birth year 1771) placing many

of the individuals in the early stages of proto industrialization (Humphreys 1989, 261)
encompassing the whole of the eighteenth century. BSortyndividuals (18 females, 23

males, 6 unsexed) were selected from the Halifax skeletal collection (total 203), and 36

individuals (15 females, 16 males, 5 unsexed) from the Manchester skeletal collection (total

241) based solely on the presence of deraiailulus remaining on the teeth. Due to the low

number of individuals with sufficient calculus for sampling it was not possible to prevent

small sample bias (i.e., 30 each of males and femaletldes5 & 6 below). Due to the

wide variety of age categoi es used by the various research:i
it was necessary to compress age groups into
individual under the age of 18, which includes all infants although due to the nature of this
study@@ent al calculus) only ol der children and
which incorporates all yourgnd middlea d ul t s wi t h ages r-anging fr
adultsdéd includes alll individuals gdentified

techniques (c.f. Brooks & Suchey 1990) which currently is anyone over 46 years old.
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Population Age Distribution

. Halifax Manchester
Population
Adult % Child % Old Adult % Adult % Child % |Old Adult %
Sample 26 55.3 4 85 17 36.2 20 55.6 0 0 16 a4
Total 170 53.8 9% 30.4 48 15.2 107 | 451 67 283 66 27.8
Burial Record 960* 50.8 | 550 29.1 110 5.8 46 16.8 86 315 135 | 49.5

*age was rarely given: possibly more Old Adults

Table5 Age Range of the Populations used in this study. Adu#51&hild: 617, Old Adult: 46+ years old.

Age estimations made by Hoéstd Keefe (2015, 2017) using skeletal indicators. Ages have been shrunk into
three broad ranges due to the differences in ageing
study.

Population Sex Distribution

. Halifax Manchester
Population
Male % Female % Unsexed % Male % Female % Unsexed %
Sample 22 46.8 19 40.4 6 12.7 16 44.4 15 41.7 5 13.¢
Total 79 25 82 259 155* 49.1 70 29.5 71 30 96* 40.5
Burial Record 719 38 736 38.9 435* 23 141 51.6 125 45.8 7** 2.6

*many usexed skeletons are children

**unsexed individuals in burial record are infants

Table6 Sex range of populatis used in this study. Sex estimations made by Holst and Keefe (2015, 2017) using
skeletal indicators.

Halifax Square Chapel

The Halifax population was sampled primarily on the presence of calcalus therefore not
randomh® with those with the heaviestIcalus deposits being prioritized, and those will
small deposits and flecks being sampled last to increase the sample population. The time
period spanning 1771846 provided 46 individuals which were analysed in this study. The
Halifax Square Chapel burigtound was excavated in two separate events: batch one analysed
by Malin Holst and Katie Keefe in 2015 (York Osteoarchaeology report no. 2115), and the
second batch analysed by Angela Boyle in 2016 (Wessex Archaeology report no. 100243.03,
2017).

Mancheser Cross Street

The main comparative population is from a city centre location in Manchester which was
sampled in the same manner as Halifax above by Camilla Speller in 2016. It was assumed by
the analysis of grave goods and parish records that this wasléhier population than
Halifax, although still involved in commerce. Thirsyx individuals were sampled for calculus

with the burial records for the Cross Street Chapel dating to-1888 (transcribed by
Blessing Chidimuro, University of York). Skeéde analysis was undertaken again by Malin

Holst and Katie Keefe (York Osteoarchaeology, report no. 0817, in 2017).

Cc

a
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Comparative Skeletal Populations

Direct comparison with data gathered from the doctoral thesis of Anita Radini (2016)
encompassing the dera | calculus microscopy of the medi
in Leicester (12000 450) , was conducted with the kind p
population was found by the University of Leicester Archaeological Services (ULAS), during
exca/ations associated to urban development of the North East Quarter of Medieval Leicester

(see map of the region, Radini 2016, 65). This is one of the only major &tuatiggally

based on several hundred individuals spanning ABgikon to Late Medievalrties to

quantify all observed microremains recovered from human dental calculus with the aims of
studying environment, dietary inclusions, and potentially occupational dust over several
centuries (for additional information in Radini 2016, Appendix I1,39)2 This study was the

closest in historical age to the current study ofpostiieval dental calculus in England. Five
additional posmedieval skeletal populations were used for pathological comparison only (not

for dental calculus) which are descrildeeiow.

Skeletal Collections Archived by the Museum of London, Wellcome Collection

Four postmedieval skeletal assemblages were selected from the Museum of London
Wellcome Osteological Research Database (online) as closest in years of use to Halifax and
Manchester: Chelsea Old Church (1711242; Bakvalac and Kausmally 2009), Lower St
Bri deds Ch u-1849%hKaasmally 200B)7 Grdss Bones Burial Ground (1B8EB;
Mikulski 2007), and St Marylebone School and Churchyard (lafed®ugh 19' centuries
(Powers and Walker 2009) all described below. Information about the foumpdétval
skeletal assemblages is freely available on the Museum of London website
(www.museumoflondon.org.uk/collections) and were used as comparison populations for
palaeopathalgical conditions, but not for dental calculus microscopy. References for all
osteological data used for comparison will be to the authors of the availablmaedreports.

All these sites were chosen because they match both the burial and lived shistdhe
Halifax and Manchester groups in urban, primarily eighteenth century, contexts. Skeletal
pathological conditions used for comparison include dental disease (caries, calculus,
abscesses, periodontal disease and dental enamel hypoplasia), mdisdnalérs visible on

the skeleton (gout, DISH, scunwrjbra orbitalia, porotic hyperostosis, rickets/osteomalacia),
and chronic infectious disease (periostitis, syphilis, tuberculosis). All population statistics are

provided intables 7& 8 below.



69

Age Distribution by Site Adult % Child % Old Adult % Total
Chelsea Old Church 93 47 33 16.7 72 36.4 198
St Bride's Lower Church Yard 207 38.1 175 32.2 162 29.8 544
Cross Bones Burial Ground 30 20.4 104 70.7 14 9.5 147
St Marylebone Cemetery 171 56.8 78 25.9 52 17.3 301
St Martin's Birmingham 242 47.9 153 30.2 110 21.8 505
Manchester Cross Street Sample 20 55.6 0 0 16 44.4 36
Manchester Total Collection 107 45.1 67 28.3 66 27.8 237
Halifax Square Chapel Sample 26 55.3 4 8.5 17 36.2 47
Halifax Total Collection 170 53.8 96 30.4 48 15.2 316
Mean 118 47 79 27 62 26 259

Table 7 Age range of study (black) and comparative (red) skeletal populations gathered from Osteological
Summary Reports. Adult: #5, Child: 017, Old Adult: 46+.

Sex Distribution by Site Males % Females % Unsexed % Total
Chelsea Old Church 78 39.4 74 37.4 46 23.2 198
St Bride's Lower Church Yard 194 35.7 125 23 225 41.4 544
Cross Bones Burial Ground 12 8.1 27 18.2 108 73.6 148
St Marylebone Cemetery 106 35.2 86 28.6 109 36.2 301
St Martin's Birmingham 180 51.1 130 36.9 42 119 352
Machester Cross Street Sample 16 44.4 15 41.7 5 139 36
Manchester Total Collection 70 29.5 71 30 96 40,5 237
Halifax Square Chapel Sample 22 46.8 19 40.4 6 12.7 47
Halifax Total Collection 79 25 82 25.9 155 49.1 316
Mean &4 35 70 31 88 34 242

Table8 Sex distribution for the samp(black) and comparative (red) skeletal collections used in this study

Chelsea Old Church Cemetery (1712842), London(Bakvalac, J., and
Kausmally, T., 2009) MOLA, site code: OCUOO

This highstatus, wealthy cemetery assemblage provides an image géribeal health and
lifestyles that would have been enjoyed by the beifeindividuals in the Halifax and
Manchester groups. Although a proportion of these individuals would have lived in rural
settings than either of the industrial populations, thel mdtain a number of similar
pathologies such as poor dental health (the primary focus of this study). They still exhibit high
numbers of inflammatory conditions and nutritional deficiencies despite their affluence,
although this may have more to do witlshionable childrearing practices and overindulgence

in soft, sugary foods.

Lower St. Br i de 61849)ClLondong(Kaysmallg, T.(2008) MOLA
site code: FAO90

This cemetery assemblage has proved the most interesting of those from the London
cdlections as it is the lowest status of all of them, comprised almost exclusively of inmates
from the Bridewel!l Wor khouse and FIl eet (deb
have the most conditions which are normally associated with affluencasgolt and DISH

(diffuse idiopathic skeletal hyperostosis) thought to be caused byirmltdgence of rich

foods. Although they have the highest caries prevalence of nearly 100%, they hold a middling
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ranking for all other skeletal and dental patholodiéss is very interesting from a population
that ranks the lowest soeeonomically.

Cross Bones Burial Ground (180Q1L853), London, (Mikulski, R. 2007) MOLA, site

code: REW92
This pauperoés cemetery more cl osiesbgetywiht s wha
the highest frequencies of infectious disease, inflammatory conditn@hsutrition,and poor
dental health. Although it is likely that this cemetery was functioning to accommodate the
capitaldés poor, its elaylier deisnghat wome was
presumably for their children as well. There are a higher proportion of females and young
children in this collection which poses the question of whether it continued to function as a
prostitute cemetery well into émineteenth century or whether this highlights the harsher fate
of female and child poor in a large metropolis. Although the burials excavated, and part of this
collection are slightly later than the other collections used, it serves as part of the bottom

threshold for the lowest status individuals.

St. Marylebone School and Churchyard (laté& fi&ough 19" centuries), London,
(Powers, N., and Walker, D. 2009), site code: MBH04, MAL92, SMS92

These higkstatus individuals express perfectly the pathologissociated with potential
fashionable views to childrearing as seen in the high rates of infantile malnutrition (rickets,
dental enamel malformations) and the highest number of scurvy cases in all the skeletal
populations including Halifax and Manchestdrior to nutritional science becoming
established, low nutrient weaning foods and keeping the children indoors away from the
odours of the city is perhaps to blame. The adults appear to have led relatively sedentary lives,
with good access to medical caend had a penchant for soft and sweet foods due to their
gracile, injuryfree bones and terrible teeth. Inflammatory states indicated by periosteal bony
reactions are lower than all the populations apart from Halifax. The pathologies recorded for
this wealthy cemetery assemblage highlight the difficulty of assigning status based solely on
the skeletons without documentary evidence during this period. Wealth was not a protection

from death and disease, especially during the precarious years of earlpathildh

St .  M-nithe-Bulirings Birmingham (18 and 19" centuries) Brickley et al.
2006.

Far more detailed skeletal information was available for this cemetery assemblage of 505
individuals than from the London cemeteries listed above, and therefoneora
comprehensive comparison could be made with
comprises a mix of rich and poor individuals with similar pathological profile to all the above

cemetery assemblages. It is interesting that this collection hamdotation of changes in
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fortune (both up and down) which highlights the precarious existence that most people would
have lived in. There are 28% more males than females in this collection with extremely low
numbers of infants and children (6% under 1 y#d).

St . Peter 0s, Me d 1480y, Rddinik86.cest er (12

The microdebris findings from the PhD thesis of Anita Radini (2016) have also kindly been
made available for contrast and comparison purposes of a populations (total 211 skeletons)
dated to between 530900 and 1250 1450 in Leicester in the north of England. The purpose

of this is to highlight any technological changes in food processing and preparation three
hundred years prior to Industrialisation. Additionally, changes in @tmrp environment,

and living conditions will also be compared
high status individuals were used from either Ar§ixon or Medieval populations.

Skeletal Analyses used in Primary and Comparative Pagugat

As with compliance with professional standards, there are several skeletal analysis texts and
guidelines that were used by all the osteologists who wrote the reports on all the assemblages
used in this study: for the first (Keefe & Holst 2015) andosédc(Boyle 2017) Halifax
excavations and subsequent skeletal reports. Standard guidelines for skeletal age estimation
include those by Scheuer and Black (2000a, 2000b) and Cox (2000), mainly for adults. Sub
adults (under 18 years of age) had additidreahd in many cases more accurtage
estimation techniques such as dental development (Moorrees et al. 1963a, 1963b) and dental
eruption timelines (Ubelaker 1989). Long bone measurement with charts of length/height at a
given age (male and female children diewe differing growth rates) were assessed using
Scheuer and Black (2000b) as the standard. Exclusive adult age estimation was achieved via
pubic symphysis degeneration (Brooks & Suchey 1990), changes to the auricular surface on
the sacrum (Lovejoy et al985), examination of bone growth at the sternal rib ends (Iscan et

al. 1984, 1985; Iscan & Loth 1986), and finally dental wear specific to British human dentition
(Brothwell 1981; Miles 1962) on the premise that adult teeth will wear down with use over
time dependent on the amount of grit and fibrous tissue in the diet. The same age estimation
techniques were also employed in the analysis of the Manchester assemblage (Keefe & Holst
2017).

Sex estimation can normally only be performed on adult skelewiiseaskeletal features

which indicate sex are determined via sex hormones (oestrogen and testosterone) which shape
the bodies of males and females during puberty. The skeletons-aflslib are notoriously

difficult to sex due to the ambiguity and deligaof their skeletons with no reliable method

being in general use to date (apart from aDNA although this is a biomolecular technique).

Adult sex estimation consisted of pelvic opening shape (females are larger and rounder in
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order to facilitate birth [Wédder 1995]), long bone measurement where possible (males being
taller and more robust than females [Bass 1987]) as well as sex determined skull features. All
these techniques were dependent on the intactness of the skeletons and the observability of
relevarn identification features.

The Museum of London Centre for Human Bioarchaeology (Wellcome Osteological Research
Database[online]) lists all the guidelines used by its researchers and osteologists in the
analyses of the skeletal assemblages listed omtébdse. These include the global standard
guidelines compiled by Buikstra and Ubelaker (1994) and UK standard guidelines edited by
Brickley and McKinley (2004), as well as extensive use of British Association of Biological
Anthropologists and OsteologistBABAQO) standardized guidelines available online,
including that of Mays, Brickley and Dodwell (2002).hsman osteology method statement

is also provided on their website which details all the techniques employed in their various
skeletal analyses (Povearevised 2012).

Diagnosis and recording of skeletal and dental pathologies require numerous sources
including those of archaeological and clinical observances of disease. Only pathologies of a
chronic nature leave traces on the skeleton, with acute ¢fiatafl short duration) diseases
killing the individual too quickly to develop bony changes which take weeks or years.
Therefore typhus (kills quickly) is not visible on the skeleton, whereas tuberculosis (slow
decline) is. General encyclopaedia of palebplatgy used in all the above analyses include
Aufderheide and Rodriguddartin (1998), Ortner (2003), Ortner and Putschar (1985), and
Mann and Hunt (2005). Additional specialized guides on juvenile skeletal pathologies are
provided by Lewis (2000) and Ba® (1994).

Hill sonds (1996) manual on dental anthropol o
as do the guidelines given in Buikstra and Ubelaker (1994). Additional guidance is used for
juvenile dental development and eruption (Moorrees et al. 196888b; Scheuer and Black

2000Db) although this estimation technique continues to develop and there are many guidelines
regarding more precise timing. Diseases of the dentition and surrounding tissues are by their

very nature slow to develop and alwaysvkeaisible traces, apart from trauma such as

breaking a tooth (sudden). The causes and sequences of events leading to dental pathologies

are relatively well understood although the finer points of caries and calculus causes are still

up for debate. Furth@mbiguous causes underly the development and timing of dental enamel
hypoplasias, although they remain the most visible trace of childhood growth disruption, for

whatever reason it occurs.
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Dental Calculus Sampling, Extraction, and Analysis Methods

Labordory procedure for human dental calculus preparation were based on a modified
protocol developed by Radini (2016), initially based on the use of hydrochloric acid as a
solvent, as peaeviewed in Warinner et al. (2014), with further modifications by @nset

al. (2016) to deal with small calculus samples (less than 1mg in weight) described below.
Considerations of previous methods of dental calculus preparation for microscopy, as
reviewed inChapter 2 were also considered. An additional summary of alecalculus
research methods is providedAppendix 2.

As dental calculus has the potential to act as a reservoir for particles to enter the mouth,
whether it originates from consumed food or inhaled dust from the environment, and the
relatively recent ag of the burial population, it cannot be too rigorously stressed the
importance of preventing contamination from modern sources. Strict protocols were adhered
to at every stage of processing and analysis. Of equal importance is the method chosen for the

breakdown of the calculus to see what it contained.

Several methods have been trialled by different researchers over the years which primarily fall
into two main methods: physical crushing and chemical breakdown. The danger with grinding
up the calculus sanglies in breaking clusters of microdebris which would obliterate clusters

of contaminated food for example or destroy long fibres fige®4 below). Additionally, in

some methods of chemical calculus dissolution, the resulting natant is discardadter &

of concentrating the remaining calculus (Henry et al. 2009; Mickleburgh and-Piagamez

2012; Tromp and Dudgeon 2015). This method would essentially throw out potential free
floating microdebris which has been freed of the calculus matrix;teffdy erasing much of

the information available. Finally, the analytical method of recording only selected
microdebris was not employed here (Henry, Brooks and Piperno 2011) as 1) it was not known
what sort of debris would be present in postdieval moths, and 2) the cumulative biological

and environmental landscape visible in dental calculus would have been lost. As noted in
Radini (2016, 78) recording of all microremains should be standard practice in calculus and

wider archaeological investigations.

Sampling
Individuals from the Square Chapel burial ground, Halifax, held at the time at York
Osteoarchaeology Ltd, Bishop Wilton, were selected based on the amount of calculus
remaining on the dentition, without regard to assumed status, sex or age. Those with the
greatest accumulation were selected first, with successive individuals with less calculus

accumulation.
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Calculus samples were removed from the dentition using metal dental scalers and picks which
were sterilized before and in between samples with bl€zadhulus flecks were removed and
gathered on sterile aluminium foil before being tipped into 2ml Eppendorf tubes. Double
gloves were worn at all times during the sampling and subsequent handling of the material.
Tubes were labelled either per tooth samplepooled teeth if there was insufficient calculus

on individual teeth. All dental calculus was collected in the laboratories located at York

Osteoarchaeology, Bishop Wilton with Drs Camilla Speller and Jessica Hendy.

Individuals with the largest singt®oth calculus deposits were selected first for microscopy
with the assumption that there would be less environmental contamination and greater
diversity of accumulated particles within the calculus matrix. Subsequent individuals with
very small (less thab0 mg in minute flecks) deposits were analysed using a modified cleaning
technique (see Cristiani et al. 2016; Lucarini et al. 2016) in order to completely clean the
sample. In cases where only tiny flecks of calculus were available, as in many of the
Mandester individuals, water agitation was omitted from the initial cleaning stages. Rather,
manual cleaning under microscopy using sterile acupuncture needles, hydrochloric acid
(0.6%) and ultrgpure water was used until no soil remained on the outer swffftecalculus

flecks. Trial and error with fleck of this size revealed that they would disintegrate in the first

water wash and were lost.

Sample Preparation

Preparation and analysis were performed at the University of York, Mary Cudworth
Laboratory andi n a devoted <c¢clean | aboratory at Ki
Archaeology. Initial weighing of selected samples was performed using a microbalance in the
laboratories located at the BioArCh Centre at the University of York as well as washing with
agitation and transferred to final sterile 2ml Eppendorf tubes before extractiorzputra

water was the only liquid used in the initial washing stages of the calculus to preserve as much
calculus as possible whilst also loosening and removing any remaimiinigom the burial
environment not easily seen with the naked eye. Samples were weighed before and after
cleaning as the loss of some material is inevitable although this was determined to be minimal
at 0.17 0.5 mg per calculus fleck depending on filigyp and size of the sample. Calculus
flecks less than 1mg were difficult to weigh accurately because of the static on the plastic

Eppendorf tubes and aluminium foil used as a receptacle on the microbalance.

Contamination Controls

It is essential to obses rigorous contamination controls in the analysis of microremains under
high-powered microscopy. There are a graainberof contamination risks which includg)

mi croscopic contamination on the analystds



75

putrefaction fluidsmicroorganismsand soil from the burial environment (Blondiaux and
Charlier 2008, 4).

The following contamination controls were used to avoid accidental contamination by the
analyst: 1) all sampl e emmeparbadt iadn Kivang 6se Mfam
of Archaeology exclusively reserved for the preparation of ancient material and is cleaned
regularly, 2) hand washing, sterilgloves, and clean manipulation tools (tweezers,
acupuncture needles, probes) were alwayd wéen handling the samples. Modern airborne
contaminants were controlled by collecting regular samples of settled dust in the clean lab

where samples were prepared and near the microscope where analysis took place.

Procedures for Extracting and Mounting

This protocol is based on a survey of methods conducted by Radini (2016) of the extraction
techniques of microremains from the dental calculus matrix (Hardy et al., 2009; Henry &
Piperno, 2008; Ehry et al. 2010; Piperno & Dillehay 2008). All methods require the calculus
matrix to be broken down to release its microdebris and primarily fall into two dominant
methods: chemical, using hydrochloric acid (HCI) or EDTA without agitation (Hardy et al.
2008; Li et al. 2010); and mechanical crushing or sonication (Henry et al. 2012). Non
destructive methods involving surface observation with SEM do not reveal all the
microparticles as does dissolving and observation with light microscopy (Charlier et a). 2010)
nor does removing calculus layers fleck by fleck with a dental pick and looking at the surface
of each layer (Henry et al. 2012). Crushing, grinding and sonication of calculus potentially
damages the trapped microremains and separates thenp$eudein situ identification

within the calculus matrix (sdigyure 14 below). The resulting natant of denatured HCl is also
analysed allowing the entire contents of the calculus to be observed which dteafiag

after separation from the calculus matrix.
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Figure 14 A--HSC 141 (blue coarse textile fibre with attached calculus}d8C 56 (possible cotton fibre within
the calculus matrix).

Following decontamination procedures and the clean calculus sample were transferred to
sterile tes, 0.06% HCI was added and allowed to slowly and gently (without agitation) to
decalcify at 4degrees Celsiuwr two to four weeks. If after this time, the calculus had ceased

to dissolve (for example there is a high calcium content in the calculub afkalizes the

HCI, stopping dissolution), excess natant was removed to sterile microscope slides for analysis
and replenished until the calculus fleck is completely dissolved. Sterile cover slips were
secured over the drop of calculus and natant witp<ad clear nail varnish at the corners,
leaving the sides of the cover slip open in case of the need to rehydrate the sample or use
staining to further aid in identification of microremains (Warinner et al. 2014). In the cases of
dental calculus analysiis Warinner et al. (2014) and Cristiani et al. (2016), a solution of 50:50
glycerol and watewasused as a mounting media to aid in the rotation of microdebris (e.g.
starch); however, in this study, it was deemed appropriate to use onkpurgravater 8
additional analytical techniques, such as mRAMAN, might be used in the future to
identify microremains such as pigment and minerals. There were instances where glycerol:
water solutions needed to be added to the slides, as in excessive dryihg Waistflagged

in the analysis notes so that these slides were eliminated from selection for additional analyses
and therefore were used sparingly. Sterile, disposable pipettes were always used to remove
natant and dissolved calculus. This allows therditeel microremains to be analysed in
reversesequence of deposition in especially large deposits. This method also allows the
observation of microremains partially embedded in the calculus which thereby validates the
ancient origin of the inclusions (esjpty important in the instance of coloured textile fibres
which could be confused with modern textile debris). It was also possible to observe some

inclusions which deposit in the calculus in discrete conglomerfagasg15). As all the natant
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is analygd, it was possible to observe the total contents of the calculus deposit, with all

microremains recorded.

Figure 15 A--HSC 126 (starch clump, possibly Avena sativa}HBC 57 (bimodal starch clump with attached
calculus, possily wheat bread due to the presence effrfmidal starch granules).

Identification of Microremains

Prepared slides were analysed using an Olympus X71 inverted compound light microscope at
400x magnification. An inverted microscope was chosen because micimsesngpended in

liquid will settle at the bottom of the slide after 30 minutes, allowing for ease of visual
scanning as it is not necessary to move up and down through the entire depth of the
examination surface. Polarized light was employed in the faeiion of starch, textile fibres

and plant material which highlights cellulose and other crystalline structures necessary for
identification. All finds were recorded quantitatively with novel typologies photographed.
Multiple layers of debris were rotat@and moved by means of applying light pressure on the
cover slip with an acupuncture needle to aid in viewing, however this was used sparingly as
there were many instances of natural conglomeration (starch and fungal clumps) or attachment
to calculus whib is an invaluable aid in ruling out modern contaminants. Microremains
described a@ situ consist of debris partially or completely embedded within the softened

calculus matrix, which does not move or separate when manipulated with light pressure.

Identification of the microremains was possible with access to a number of online and print
atlases, use of previous reference collections of native English and imported plant material
made available by Anita Radini and housed at the University of York, Depdrtofie
Archaeology. A personal, purpoebeilt reference collection was also compiled by the author

in order to observe modern crop imports and processing techiiggeeShapter 4 for details)
Contemporary books on food microscopy (see Ha$88H Winton1906) as well as accounts

of food adulteration and spoilage were used to identify both food anébadrinclusions.
Pigment compendiums were consulted for microscopic properties of coloured particles (see

Eastaugh et al. 2@) and online visual guides such as www.moldbacteria.com were used to
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classify fungal and yeast spores visually. Further biomolecular analyses should be employed
in the future to confirm identification and perhaps identify new inclusions which may not be

visualized such as protein residues.

Quantification and Nomenclature

All particles observed/on the slides of dissolved dental calculus were recorded and quantified
according to broad and discrete groups baseq
@Il ant ti ssuebd, 6wood?®o and Otextile fibreso.
different starch species, identifiable plant tissue parts (seed testas and dermal layers), softwood
where diagnostic pits were present, and different types of texttikesficotton, wool, linen).

These subgroups were calculated as part of the larger group total for each broad diagnostic

type of microremain. Apart from inclusions, such as soil and mineral grit which break apart

easily, all observed and recorded microdebre in absolute numbers presentefaaticles

per milligramof calculus. The purpose for presenting the numbers in this way is because, as

this is only the second study recording total observed inclusions in human dental calculus,
direct comparison withRadini (2016) was required to note changes in microdebris
composition over time. Additionally, calculus deposits vary in amounts (weight) from person

to person and particles per mg was deemed the best method for overcoming this variation,
(although it canot address the question of length of time the calculus deposit was being

formed, as this can never be known).

Wherever species identification was possible, scientific homenclature as specified in the
International Code of Nomenclature for algae, fungi gohaints (Turland et al. 2018as

used. I n cases where species identificati ol
morphological features (see Fungal Remains in Results) as was the case where degradation

(starch) or small particle size (moth scale) wasifficient for secure identification.
Dental and Demographic Analyses with Comparative Populations

To gain a broader picture of where Manchester Cross Street and Halifax Square Chapel
cemetery populations fit on the so@oonomic scale it was necesstrycompare with other
contemporary populations. Five English postmediaeval cemetery populations were selected to

give a range of the highest and lowest s@monomic levels. These are Chelsea Old Church,

St . Brideds, Cross Bonden) StanMaByledimogbamas
the-Bull-Ring. All skeletal reports are available on the Museum of London website (Wellcome
Osteological Research Database) and within the published work by Brickley et al. (2006) on

St Martinds. pathologes wee campase® @cioss talapopulations without

dental calculus analyses. Comparison of microdebris entrapped in dental calculus was done
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with the only other largscale analysis by Radini (2016) from the An§laxon and Medieval
periods in Leiceer.

Linear Enamel Hypoplasia (LEH)

Due to time constraints before reburial,Halifax individuals were selected for examination

of dental enamel hypoplasia (DEH) in order to assess childhood stress levels. Whole dentitions
were used to achieve an average of periodical stresses during the years of adult dental
development using sewardifferent techniques and charts for dental development for both
sexes, as females tend to develop more quickly than males. Visual guides such as Reid and
Dean (2000), Gustafson and Koch (1974), and Ubelaker (1989) were used to average out ages
of stressepisodes as all guides use different criteria. An average of these guides and ages
gathered from all teeth affected by DEH was used to estimate both the most severe episode of
stress as well as the duration of time for multiple stress episodes givesrsnayel months

for each individual (se€hapter 9 for an LEH case study on Halifax).

For the measurement of each enamel defect on each tooth, digital callipers were used to
measure the distance from the cervigahmel junction (CEJ) to the lower margihtbe

defect. This method was chosen because many of the older adult teeth showed signs of wear
and loss of height. Dental enamel hypoplasias are normally measured from the occlusal
surface (where initial growth starts), however with the loss of occlesghth measurements

had to be made in reverse to achieve the greatest accuracy. Thin sectioning and microscopic
analysis on perikymata and striae of Retzius was not permitted as these skeletons as they were
scheduled for reburial in a very short time tliere depriving the analysis of a more precise
timing of periods of growth disruption measured in days rather than months or years.
Additionally, relevant skeletal pathologies of the ten subsampled individuals were also
gathered from the skeletal report @fe and Holst 2015) such as cribra orbitalia and maxillary
sinusitis (when observable). Cribra orbitalia is of particular importance as it is a response to
anaemia or intestinal infection where an increase in the production of red blood cells causes
the bane in the eye orbit roof to become porous and is generally a@aeryfrom childhood,

and in this case matching childhood incidence of nutritional or diseteded stress (Lewis

2013).

Microscopic Data Analysis

In order to make a meaningful comparisgmmicrodebris composition, all debris types were
recalculated from their raw counts to pgses-milligram of calculus for each individual (total
count of debris type divided by calculus sample weight) before statistical analyses. This

method is based amose used in populational dietary studies by Leonard et al. (2015) and
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Radini (2016) in order to observe broad populational trends. This is because calculus
accumulations are different for each individual, and possibly of varying duration of
accumulatioras the timing of formation is not well understood, mentionedhapter 2

Next, Pearson-land 2tailed correlation regression tests artdsts were performed on the
recalculated individual samples and their different debris types at the 0.05 confelezh¢e
discover any associations between types, age, sex and site. All statistical calculations were
performed using IBM SPSS Version 25.0 for Windows (2017). The strength of the
correlations was expressed withvRlues, the closer the value to 1 measuhe strength of

the association. Stacked bar charts were also used to visualize ratios of debris types divided
into sex, age and site groups before regression tests to highlight potentially favourable
comparisons. Tests for differences between siteess{s and MANOVA) were eliminated due

to no differences being observed.
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Chapter 4. Methods and Materials Part 2, Reference Collection

and Experimental Techniques
The analysis of dental calculus with optical microscopy allows for the observation and

recading of everything which produces dust and is encountered (inhaled/ingested) by an
individual during their lifetime. Unlike the debris that would have been observed from

earlier time periods, such as medieval or prehistoric, dietary particles were riwtiireg

away from their more O6natural é states as the
processing techniques. According to documentary sources on food microscopy from the
nineteenth century (e.g. Hassall 1855; Greenish 1910) and cookery boolkddesg. 1747,
Hammond 1816), food preparation was more processed, pummelled, sieved, and coloured
than may have been the case in earlier time periods. There is also the problem of adulteration
(Accum 1820; Alexander 1856) which, if the accounts are teebevied, introduce

heretofore environmental debris (wood and mineral powders, mineral pigments) into dietary
elements. This causes a major challenge in separating environmental and dietary debris
observed from dental calculus as both have been recorgeevious studies and treated as
separate events or activities (Radini 2016; Radini et al. 2017). Therefore, a number of
experimental techniques were performed as well as expanding reference material used in the
identification of microdebris, beyond natiamglish pant species to include known imports,

and using them in combination to attempt to replicate some of the unusual debris
combinations observed in the human dental calculus from industrial revolution Halifax and

Manchester.

Reference Collection

Direct observation of the various materials which comprise the suite of microdebris entrapped
in human dental calculus is essential for correct identification. Free access to the already
extensive reference collection of Anita Radini housed at the Universityodf was
instrumental. These materials cover native British plant spiedasd crops, building
materials, medicinal plants, weeds, textiles and traditional fabricddgksved indepth
examination and comparison on the same microscope used for calcalysisarAs the
analytical work progressed, and further unusual microdebris was discovered, additional
material was added to my own reference collection for the current study, and in certain cases
experimental combinations were collated. As food adulterates a common concern during

the eighteenth and nineteenth centuries (see Accum 1820) known adulterants were added to
the reference collection as well as known imported crop species, such as maize and tapioca,
used in cooking and commercial food preparatt this timeTo investigatehis further a list

of common adulterants, adapted from the work of Hassall (1855 & 1909), a Halifax doctor

(Alexander 1856), and contemporary authors on the practice of food adulteration (Wilson
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2008, sed\ppendix 3) and réerence material were collected. Duplicate slides of the various
experimental and reference materials, minerals and colourants, and plant materials are all

housed at the University of York in the Mary Cudworth Laboratory for future reference.

Figure 16 Reference collection. A) Allium ameloprasum (leek) leaf structure with stoma (yellow arrow); B) Pinus
(pine tree) softwood cross section showing the characteristic pits; C) hardwood cross section showing tightly
organizedcellular structure; D) Zea maize starch under cross polarized light to indicate pressure facets and
extinction cross. Scal e bars 20¢m, 400x magnification.

In addition to the reference collection of British native plant species made available by Anita
Radiri, several additional materials were gathered specifically for the project. Imported

cereal crops (i.emaize, rice and sorghum) were gathered and wet ground to mimic chewed
food (as would be observed in dental calculus) to examine the starch and seed hus
fragmentation. Common vegetables and herbs were also collected, indications of which were
gleaned from period cookery books (e@lasse 1747) and boiled for 30, 60, and 90 minutes

to observe changes to the cellular structure during cooking, aftereiagidround in a

mortar to observe how the particle size changed with cooking time (see experiments below).
Throughout the calculus analysis, greater quantities of wood particles were observed and a
collection of various wood and similar looking plants;tsas leek, from both the Radini
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collection and that collected for this studiggre 16). Common adulterants, of which wood

is one, gathered from published lists compiled by nineteenth century food microscopists (see
Accum 1820; Hassall 1858ppendix 3), such as alum, pipe clay, and plaster of Paris
combined with starches and artificial colourants (both liquid and powdegeck 17).

Samples of natural and mamade pigments as well as naturally dyed andyed textile

fibres (i.e. wool and linen) wellected to help identify the fibres observed in the dental
calculus analysis. Various samples of charcoal and burnt debris were also collected and used

for identification and comparative purposes.

. '_.' D . ¥

Figure 17 Selection of referece collection samplesdfalum, B plaster of Paris, @ maize starch with Prussian
blue crystals, B ground cochineal pigment, dEorpiment yellow pigment, d-green tea (usboiled).
Magnification 400x.

Prussian Blue and other Blue Pigments

Authentic Prussianby pi gment powder was obtained from
examined with light microscopy at 40x magnification to note the physical characteristics to
those particles observed in the archaeological dental calculus samples. The decision to obtain
Prussian blue specifically came after researching all possible blue pigment particles visually

with the aid of pigment manuals featuring high resolution images of pigment particles with
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optical light microscopy at the same scale of the particles whichémamintering (Eastaugh

et al. 2004a & 2004b; Welsh 1988; Hassall 1855). These manuals are used by art conservators
in order to identify and compare historic pigments and proved invaluable in visually
identifying unknown pigment particles where, at the twhenalysis, nothing like this had

been observed before. Several other blue pigments which are known to have been in use during
the industrial revolution (1750850) were also obtained and examined at 400x magnification
with the same conditions as aboMeapis lazuli (natural ultramarine), indigo powder
(Indigofera tinctorig, woad (satis tinctorig, malachite (copper carbonate hydroxide) and
vivianite (hydrous iron phosphate) were the most common blue pigmignise (18).
Vivianite was particularly impant to examine because it has been found in archaeological
burial settings, often adhering to bone and teeth, and it was important to rule this out or confirm
that this was indeed a natural occurrence and not the result of possible food adulteration (see
McGowan and Pragnell 2006; Maritan and Mazzoli 2004). None of these natural blue
pigments resembled the optical characteristics of Prussian blue which has angular glassy
flakes with welldefined sharp edges and corners, and brilliant blue translucenir colo
(Eastaugh et al. 20044, 114; Hassall 1855) and becomes invisible undgrotanised light.

In the absence of chemical testing, which was attempted at the British Museum with Joanne
Dyer as the particles were too small to find with the FTIR microsdtipe highest
magnification was only 20x), these visual characteristics at least partly confirm that the blue
pigment crystals trapped in ancient human dental calculus must be traditionally made Prussian

blue pigment.



85

Figure 18 Blue pigment reference collection:-fivianite, B-woad, G-malachite, D-lapis lazuli. Magnification
400x.

Experimental Techniques

Several experiments were devised as further debris was observed and contemporary sources
were consulted, such as tt@okery and microscopical books listed above. A full description

of the experimental work is provided below. With the knowledge that food adulteration was
frequent during the eighteenth and nineteenth centuries, some of tokéetary debris was
potentialy identified through comparison with modern equivalents. These include a variety

of natural and mamade pigments, adulterating bilking agents such as plaster and clay, as
well as heavily processed cereals and vegetables known to have been used at Treetm

were performed to help with identification and in some cases to explain why some microdebris
cannot be identified securely.

Modern Edible Pigments

On the discovery of a variety of brightly coloured pigment particles adhering t@plgictes,

starch granules, and dental calculus, a selection of edible pigments were @btzittetiquid

and powderedl to observe under microscopy how they adhered to or stained food matter in
the same conditions as dental calculus examindiiguré 19). Zea maizestarch was chosen

as a suitable dietary item as it was most often found associated with blue pigment particles in
the archaeological samples. PME Blue Concentrated Food Colouring (Product 16971) and
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PME Red Concentrated Natural Food Colouring@®ct 16948) were the liquid colours used
in this experiment. One drop of liquid colourant was added to 10 millilitres ofput@awater
and mixed with 2 milligrams afea maizestarch for 5, 30, and 60 minutes, being sampled at
each stage, mounted otesle slides and examined at 400x magnification. The liquid food
colouring failed to adhere to the maize starch and was only visible in theuleavater used

as a carrier.

Figure 19 Liquid blue food colouring experiment. Nahat the blue pigment has only coloured the water and not
absorbed into the starch granules, and the edge of the water droplet is visible at the lower left corner of the image.
Magnification 400x.

Next, 1 mg of powdered edible pigment was added to 16f mlkra-pure water and 2 mg of

Zea maizestarch, mixed and left for 5, 30 and 60 minutes, and sampled and observed under
microscopy at each stage. The pigment powders were: Brilliant Blue FCF Lake, Cl No
42090:2 (E131) and Carmine, ClI No 75470 (E120gadbtn ed fr om a cookds su
pigment powders contain cochineal (a natural red pigment deriveddemtylopius coccus

species of beetle) and deep blue pigment fragmégted 20), and also failed to stain the

maize starch, only adhering loosétythe starch surface. Observation at 400x magnification
confirmed the lack of staining with the pigment crystals remaining whole and separate.
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Figure 20 : Modern pigment reference collection--powdered dark blue pigment inygkrol, B-liquid blue
pigment and maize starch (note that the pigment clings to the starch granule rather than staining it). Magnification
400x.

Al so observed in the presence efl amltueAdp i(g\nPeA
particles which is potaially finely ground pipe clay (a confirmed adulterant in thé' 19
century, see Accum 1820). Historic clay pipes, unearthed in a garden near York, were ground
to a fine powder with a mortar and pestle, and observed suspended-puuitraater on a

sterile microscope slide at 400x magnification (it should be noted that 400x is the
magnification used for all the calculus analyses in this research). The ground pipe clay closely
resembled NPA patrticlesigure 21). Powdered historic pipe clay was mixed witlng of

dry powdered Prussian blue pigment (Cornelissen Dry Pigment AQP036500) made to the
same specifications as historic Prussian blue (not a synthetic substitute) and allowed to stand
for 5, 30 and 60 minutes, sampled at each stage and examined at @@Mification. The
pigment crystals did not stain the ground pipe clay particles, although it was observed to
adhere loosely to the outside of the particles in the same way that was observed with the
archaeological NPA particles. The pipe clay particleseviieen rinsed with additional ultra

pure water and observed again at 400x magnification, revealing that nearly all pigment crystals

had been detached and removed with waishing leaving the pipe clay particles intact.
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Figure 21 Pipe clay and blue pigment staining experimenthistoric ground pipe clay stained with commercial
blue food colouring, Bsuspected pipe clay with blue staining observed in Halifax individual 57. Magnification
400x.

Prussian Blue Experiments

Prussiarblue pigment powder was observed suspended irpilira water only, a solution of

50:50 ultrapure water and glycerol, and pure glycerol to see if the optical properties changed
according to the suspension liquid used. There was no change in the ppieaties noted.

Next, 1 mg of Prussian blue powder was mixed with 2 mg (each) finely ground pipe clay
particles, alum, plaster of PariZea maizestarch, Manihot esculentgtapioca) starch,
Sorghunflour (chewed) andHordeum vulgargbarley) flour (uachewed), in 10 ml of ultra

pure water. These were left to sit for 5, 30 and 60 minutes each and examined under the
microscope at each stage, as in the above experiments. The starches and minerals chosen for
this experiment were selected because they hbleea directly linked with adulteration with
Prussian blue pigment in historical documents (see Hassall 1855; Hassall and Clayton 1909;
Winton 1906). The result was that Prussian blue pigment powder was not absorbed or seen to
stain any of the whiteolouwed powders listed above. It did, however, adhere loosely to the
starch granules and mineral powders, appearing very much as the archaeological particles

observed trapped in human dental calculus.

Food Processing Experiments

Many of the vegetal debris fodnn the dental calculus of both Halifax and Manchester
individuals were heavily processed and/or cooked, leading to the consultation of cookery
books written during the times many of the sample populations would have been living. It

would seem that the rjmaity of recipes concerning the preparation of vegetables call for

lengthy oiling (greater than 30 minutes, up to several hours in some cases) with additional
6finishingdéd or saut®i ng (Glasse 1747; Ha mmo n
in their bookA Complete Collection of Cookery Receifdtg80, 1289) describe the method

for pickling gherkins and cucumbers thus:
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Green them in salt and water, the same as for pickling; then scald them without salt, and
repeat that for three times, withiglé sugar to take out the salt; then make a syrup of fine
sugar; you must have something better than a gill of water to a pound of sugar, and you
must not put it on quite hot; simmer them for three days, add the rind of a lemon, and the
juice more or les, according to your quantity; boil your syrup, and strain it through a bag;
you must warm them twice a week, till you see they be of a proper thickness for keeping;
you may put in if you please, a little white rice ginger, which must be steeped in water,

and then boiled before you put it in; you may do kidney beans the same way.

The above recipe should serve to illustrate the lengthy methods which many vegetables were
subjected, in this case preserving which is longer than @argooking, but shouldlilstrate

that, on a cellular level, the vegetables were heavily processed. With the cooking methods and
ingredients determined, a selection of the most common vegetables used in domestic cookery,
presumably throughout the various socioeconomic strata, sedeeted for experimental
boiling and grinding (in lieu of chewing) to observe the changes over ever greater lengths of
cooking. As boiling was the method of choice for home cooks during the eighteenth and
nineteenth centuries, small pieces were cut @&@udlup in muslin with string (uncoloured),
labelled and left to boil for 30, 60 and 90 minutes. Each sample was deposited in sterile glass
tubes before transport to the laboratory where they were ground in an agate mortar with a 50:50
ultra-pure water anglycerol solution (to imitate saliva viscosity) before mounting on sterile
slides and examination with optical microscopy (400x magnification). The following

vegetables were used in this experiment:

Swede flesh with and without skiBiassicanapobrassica
Yellow onion with and without skinAllium sepa

Leek top and bottomA{lium ampeloprasuin

Kale leaf and stenBfassica oleraceaariety sabellicg
Potato flesh and skirsplanum tuberosum

White cabbage leaBfassica oleraceaariety capitaa)

Parsley leafRetroselinum crispuin

It was observed that the cells of the various vegetables became bloated and enlarged within
the first 30 minutes of boiling and continued to become distorted as the length of boiling time
increased f{gure 22). With long boiling times, even the tough skin of the tubers was
indistinguishable from the flesh and all cells became increasingly separated. This lack of tissue
identifiability corresponds well with the undiagnostic (and some diagnostic) plant remains

found entrapped in the Halifax and Manchester dental calculus.
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Figure 22 Comparison of undiagnostic plant tissue-white cabbage leaf cells boiled for 30 minutes in water, B
-undiagnostic plant tissue from Halifax individual &6covered from dental calculus. Scale bar 20 microns,
magnification 400x

Archival of Material

Two archives of mounted slides will result from this research: dental calculus and reference
collection, both to be housed in the Departmerrghaeology at the University of York. A
personal reference collection (see above) was also compiled to aid in future identification of
microremains. A full list of sampled dental calculus will be provided to the university upon
completion. It is the autmto6 s under standing that al/l skel

Chapel and Manchester Cross Street has been reburied at the time of writing.

et
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Chapter 5: Microdebris Recovered from Calculus (general

overview)
This thesis set out to ascertain the ptiéénto observe changing technologies and

environments through the quantification of microdebris trapped in human dental calculus
since medieval times. The main focus here has been on the changes in food production,
storage, transport and distribution @ation to relative living standards of urban populations.
Through several damning reports written in the early nineteenth century (c.f Ranger 1851)
chronicling the longstanding decline of food, housing and workplace standards of hygiene
and safety in ragly expanding industrial centres, it was expected to see visible changes in
the quantity and quality of microremains inhaled and ingested by people living in industrial
Halifax and Manchester. As in most investigations of human dental calculus, optical
microscopy remains the most appropriate method of quantifying visible microremains (Radini
et al. 2017; sedppendices 1& 2). With this and comparison with other contemporary
cemetery populations, we can begin to create a picture of society at the gtarnaidern

era. As a previous study on preceding period was conducted by Radini (2016), and used as
comparison to this one, the structure of the results sections follows Radini (2016), to allow

future comparisons.

Now that the quantification of all obsedsenicrodebris in the Halifax and Manchester dental
calculus has been completed, the results of the data gathering will be organised in the
following waysin this chapter: 1) microremains of plant origin including starch, wood, plant
fibres phytoliths anctharcoal 2) microremains of neplant origin including fungi, animsj

and insects; and 3) microremains of anthropogenic origin which include pigments|ayipe

and glass.This chapter will be followed by thdata analysis results chapter which will
examine correlations, significardifferences between and within groums)d attempt to

explain major changesnce medieval times.

Many different identification techniques and criteria were applied, most of which was based
on observation of reference material from the collection of Anita Radini housed at the
University of York which encompasses materials from Medieval northern Engtaatifor

her doctoral thesis (2016). There were several interesting differences between the two target
groups such as the concentration and types of inclusion®\pgEmdix 5). At first glance,

Halifax has the greatest number (78,429 particles) andtyarfienclusions (more abundant

and varied fungal spores for example). Manchester revealed nearly nine times fewer inclusions
(9, 980 in total), however, when particles per milligram of calculus, Manchester has the higher

concentration at 73.67 particlesrpmilligram versus 15.53 per milligram for Halifax.
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Plant material can be broadly separated into two categories: those related to diet (starch,
vegetables) and those related to the lived environment (wood, pollen). Due to the minute
nature of mostofthe ncl usi ons i n dent al calculus (1l ess
identification are not present (plant material usually requires a section of at least 1 mm to
observe distinguishing featufepersonal commer. Radini). Further confounding factors
include taphonomic changes incurred in the bumiaralenvironmendd presence of water,
bacterial digestiorsalivary enzymethough there is compelling evidence that microremains

in calculus are protected from this (Warinner 2@16nhd processing of matal prior to
consumption by the individual (cooking, grinding). With this in mind, there are instances
where plant remains may look much the samef{gaee 22), and indeed many examples did

not retain any distinguishing features. Microscopy manuals asichat by Winton (1)

proved invaluable in the provision of a starting point for further investigation. Examination of
existing reference collections and that created for the current studgl{apeer 4) were in

some cases helped to demonstrate daraagebliteration of features caused by processing
techniques. Interestingly, the most studied food remain, starch, comprises the smallest
proportion of overall finds (2% in Halifax and 0.5% in Mancheseechapter 6).

Starch

Starch granules were fouimdmany of the individuals, although they were not present in all.
Taxonomic identification of starch is carried out based on the following feafigee(23):

size, threadlimensional shape, position of the hilum, features (fissures and grooves)aégmell

and the presence of an extinction cross under cross polarized light (Torrence and Barton 2006).
Due to the variety of imported species available during the Industrial Revolution through
expanded trade networks outside Europe and more efficient trgnépeas necessary to
compare many of the typologies to both native and-madive species using an existing
reference collection (Radini 2016 at York) and gathering and creating my own reference
collection with a variety of similalooking species. Histecal records are quite explicit in

what the English ate and what was considered animal fodder. For example, pulses and turnips
were not considered proper food for humans and were widely used exclusively as animal feed
(Scold 199296 yet were routinely sed to adulterate food and drink (Hassall 3, 88-vii).
Identification in this study was therefore proposed based on accepted methodologies and
criteria in the field of ancient and modern starch research (Torrence and Barton 2006; Yang
and Perry 2013; Hen et al. 2009; Blatt et al. 2011; Leonard et al. 2015; Li et al0201
Lucarini et al. 2016). Furthermore, identification of starch granules was greatly assisted by the
work of Radini (2016) whose knowledge and expertise were crucial as such a greatafumbe

granules were damaged. Further information on identification methods can be found in
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Appendix 1, andAppendix 5.4for starch counts per individudfialifax starch counts: 13
F, 21 M, 1 U (n = 35, 76%). Manchester starch counts: 7 F, 9 M, 2 U (n18, 50%).

Figure 23 Identifying characteristic of starch granulesd Ariticeae (HSC 66), red arrows indicate lamellae

(growth rings) growing outward from the hilum (central pit from where the granule grows$t&ch 1.A under

pd arized I ight, highlighting the birefringence or o6Mal
microremains; @ Fabaceae starch (MCS 5.29), arrow indicates th
the elongated shape of the gréewDd 1.C under cross polarized light demonstrating the disrupted birefringent

cross from damage. Magnified 400x.

Morphotype 1: Bimodal Granules, Triticeae

This morphotype is characterized by the presence of two types of granules: 1) large (size)
granuleswhich are oval to rounded viewed from above, and lenticular when viewed from the
side with a central hilum and occasionally with lamellae spreading out like ripples from the
central hilum; 2) small (size) more spherical granules with a central hilum anctiex cross.

The smaller granules are too small to observe lamellae. Howard et al. (2011) have written that
Triticeae bimodal granule distribution is genetically controlled and therefore reliably

identified as such.

Wheat and barley starch are neadlgritical morphologically being of the same Triticeae tribe.

Their bimodal starch sizes (large and small found together) are under genetic control during
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growth of the endosperm with large lenticular granuled ZBe m acr oss and smal |
granulesé ss t han 6&em di amet €&igureg B-A & Btgivemargoode t al
example of large and small starch granules found together which are diagnostic in this
morphotypeldentified Triticeae bi-modal starch for Halifax: 2 F, 9 M, 0 U (n =11, 24%);

Manchester: 0 F, 1 M, 0 U (n = 2, 6%).

Morphotype 2: Kidneyshaped Granules, Fabaceae

Although this morphotype appeared less frequently than type 1, its presence is notable as it
was not a recognized food historically (Beeton 1861) and was a lkadhwtierant in the period

under study (Hassall 1855; Winton 1906). Fabaceae (peas, lentils and beans) starch granules
are characterized by their kidney or elongated oval shapes with a collapsed, central hilum
running longitudinally. The extinction cross whsghtly visible in crosgpolarized light
although there was no evidence of lamellae, as is more usual. Although there are several
species of legumes available today, documentary sources do not list these as part of the
Northern English diet in the T&nd 19" centuries (Scold 1992).

Identification of the above starch granulégyre 24-C) found in Halifax individuals is most

likely that of the Fabaceae (legume) family, which typically meas@@® ¢ m i n | engt h
distinctive sunken hilum sometimesi t he shape of 08 6ofiguwe2é4B ( Wi nt
with permission from Radini 2016) which is at times difficult to observe in2ayes buts

clearly apparent when observed on the microsclifmmtified Fabaceae kidney-shaped

starch for Halifax: 1 F, 1 M, 1 U (n =3, 7%); and Manchester: 1 F, 1 M, 0 U (n = 2, 6%).

Morphotype 3: Polyhedral Granules, éa maize

Zea maizaype starch tends to be sapherical or polyhedral in shape owing to pressure facets

on the granule, and tight packimgthin the endospernfigures 24-E & F). The hilum is

open, also referred to as a central vacuole, with radiating cracks forming a structure resembling
a star. The grass family Poaceae, of which maize is a species, is characterized by this granule
structue and is well known in starch research (Yang et al. 2012; Madella et al. 2013), however
this species is not native to the British Isles gandport from the Americas) and is absent

from the northwestern European archaeological record (Livarda 2008)oWauspecies of
Poaceaegr asses were added to the authords refe
characteristics of this morphotype (all noative species) and bolster the identification,
including Panicum(millet) and Sorghum These granules wer@und in isolation (not in
conglomerates) and were most often associated with findings of artificial blue colourant (see

section oradulteratiorchapter 8).



95

According to Hassall (1909, 30) a common adulterant of wheat flour in the |§teedfiry

was Durha or Dari Adropogen sorghum var. durra; Sorghum vulgandich starch looks

similar to maize but with larger grains and more angularity, a stellate hilum cavity, and granule
sizeof4i35em di amet er ( mo Zehd mazetarch~whiBtawas amgularp s s ) .
has a diameterof-25&e m wi th most toward the | arger si
mention in contemporary literature of the use of millet (which starch also looks similar to
maize) so this can be excluded. Maize is a known import mvéthy commercial uses (see
above), the larger size of the starch granules, and its association with pigment crystals leads
by exclusion to the identification &@ea maizestarch presence in the Halifax and Manchester
populationsidentified Zea maize polyhedral starch for Halifax: 2 F, 5 M, 0 U (n = 7,

15%); and Manchester: 3F, 2 M, 1 U (n =6, 17%).

Morphotype 4: SugarloeghapedManihot esculentéTapioca starch
from Cassava)

Tapioca starch i sdrtunpd falre d&fsduygsadttie@atdenedetee et | e
corresponds to attachment with twinned granules. These starches are typialy 45n i n
diameter with a central hilum and very indistinct lamellae (Wintad61865;figures 24-G

& H). This nonnative species was a known import to Endlauring the Industrial period

(Hassall 185). There were very few examples of potential tapioca starch isolated from either
popul ation, always found in isolation withou
was commercially important in the atenent of cotton fabrics (Winton @6, 6645), which

may relate to cotton processing in Halifax and Manchester at theltiemtified sugar-loaf

shaped starch for Halifax: 0 F, 0 M, 2 U (n = 2, 4%); and Manchester: 0 F, 1 M, 1 U (n

=2, 6%).

Morphotype 5ZingiberaceadGinger family)
A single examplefigure 24-1) of elongate starch was identified in an individual from the
Manchester population for which only a tentative identification will be given. Morphological
features of this starch include | ength of ab
cross &athe blunt end of the granule including a partial hilum fissure which may be due to
processing damage. The size and location of the extinction cross leads to the possible
identification as curcuma starch (know at the time as East India Arrowroot conliyigrcia
part of theZingiberaceaefamily which include other rhizomes such as ginger, galangal,
turmeric,and fenugreekigure 24-J; Winton 196, 662). Ginger can be ruled out as the starch
grains have the hilum at the narrow end, and turmeric which igdeoably longer with grains
measuring 65¢n06I538&F03)( Wi nt on 19
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As this is an isolated finding with no othé&ingiberaceaestarch observed, identification and
importance in the Manchester diet cannot be confirmed. It must also be considethis that
could be starch from another unknown rhizome which has been damaged. Distortions and
shrinking collapse of the granule by freezing andrerzing bursts the grain causing false
identification (see Torrence and Barton 2006, 10gntified Zingiberaceae starch for

Halifax: none; and Manchester: 1 F only (2%).

Morphotype 6: Agglomerations or Compound Starches

There were several examples of starch agglomerations or lumps throughout the Halifax and
Manchester populations, examples of which are shown béipuves 24-K & L ). There are

several cereal crops which form starch agglomerations, such asveat(sativg however

there are specific differences in the appearance of these agglomerations which rule this out.

Oat starch forms characteristic ovoid ng@ounds of compressed individual granules
measuring38 0em acr oss ( Gr e eQryzadativils@rthOvhichfofristher r i ¢
same compound structures measuringB20e m di amet er (Greenish 19
agglomerations found hergure 24-K) are much larger and irregularly shaped, ruling them

out as oat or rice starch. Some cereal crop weed species are known to form large
agglomerations of starch which must be taken into consideration as there were no effective
pesticides during the T@nd19" centuries for weeds as there are today.

Rice starch Qryza sativa forms huge aggregates with polygonal or rounded granules
measuring 2L 0 € m, wi t h a lamellae,andhd distimét ¢rassrnin polarised light;

similarly, buckwheatKallopia convolvulu$g also with 61 2 € m, pol ygonal to ro
is a possibility, however it forms reghaped aggregates and was not commercially important

during the period (Winton I, 652). In the absence of biomolecular analyses, it can be
concluded that deast some of these aggregates could potentially be rice starch or sorghum

(see oO6Dari flourd above)

Two very common weeds found in cereal crop harvests (specifically wheat) are dalinet (
tremulatunm and cockle Agrostemmayithagd, both of which belog to theCaryophyllaceae

family of pinks and carnations. Darnel is a cereal crop weed which is a common impurity of
European and Californian wheat harvests of which the starch (polygonal grains measuring 3
7em di ameter) | oo ks vtarchyforrmmg buge abgregates, asadbes a n d
cockle which is the most common cereal weed in Europe (Winta®, 1259). When it was

possible to separate these weeds, they were often collected and used as animal fodder and also
as adulterants in commercial floQinton 196, 148). Both scenarios would explain the

presence of weed starch in human calculus if these are in fact what thégeatdied
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compound or agglomerated starch for Halifax: 3 F, 1 M, 1 U (n = 5, 11%); and
Manchester: 1 F,0 M, 1 U (n =2, 6%

Figure 24 Starch Morphotypes: & Morphotype 1, bimodal starch granules seen together (HSC S7indet of

A under crosgpolarized light to show extinction cross on both sizes of granute$/@photype 2kidneyshaped,
Fabaceae starch granule (HSC 120) with polarized light inset; medieval example of Fabaceae starch with
polarized inset (Radini 2016 with permission§j Hlorphotype 3, polyhedral, potential Zea maize (HSC 140) with
pressure facets giving itlass rounded appearancepFeference collection commercial Zea maize starch; G
reference collection tapioca starch;HMorphotype 4, belshaped, Manihot esculenta, typical of half of a

60t wi nnedd s tdMorpghbtypey 5, elongate eZingibleraceae ¢gn family, MCS 27); d reference
collection fenugreek starch granule (Zingiberaceaed; Morphotype 6, compound or agglomeration of starch
granules (HSC 126); & closeup polarized view of compacted starch granules from image K. All scale bars 20
e m, meatipm 400xi

Undiagnostic and Damaged Starch Granules

A large portion of the starch granules found in the Halifax sample were damaged and therefore
undiagnostic. Henry and amorkers (2011) have suggested that it is possible to identify
starches even aftéeavy processing and cooking, however this is disputed by Radini (2016).
With total loss of birefringence (extinction cross) and hilum, it is possible that damaged starch
granules could be overlooked, which makes familiarization with processed starcativgpe

In the case of this study, only granules which retained diagnostic features were included in the

typologies above.

There are two pathways for inclusion of starch granules infedteval calculus: 1) eating
starchy foods, and 2) occupational dustis expected that urban populations would be
consuming starcbased foods, but Starch is also easily inhaled during baking or grain
processing (such as in flour mills) and has been noted as a possibility by Cristiani et al. (2016)
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as well as in Neanddral calculus studies (c.f. Radini et al. 2016). With this in mind, starch is
not limited to dietary ingestion alone.

Diagnostic Plant Tissue

Diagnostic plant tissues were extremely rare in the Halifax dental calculus and absent in the
Manchester calculusiowever, fragments of tough epidermal layers of two plants were well
preserved within the calculus matrix: seed testas and the outer cork and parenchymal layers
of tubers figure 25). The seed testa identified belofigire 25-A) bears characteristics of

seeds from th@apaver(poppy) family with distinctive reticular honeycomb patterning of the
outer dermal layeffigure 25-B). Poppies are known to have been grown in England, having
originated in Asia for both pharmaceutical (white opium poppy) and culiiéeick poppy)
purposes for millennia (Winton 1906, 223), although we cannot know if this represents wild
or domesticated species. Tubers are widely used throughout western Europe and the large
polygonal cells in the outer cork layer of a tuberous pfanire 25-D), which, in its structure
resembles that of beetBdta vulgari$, turnips Brassica rapa and carrotsaucus carota

but could also be potat&¢lanum tuberosuniWinton 1906), but this is unlikely as there was

no potato starch observed inyaof the calculus samples from either population fqgeendix

5.5for plant tissue per individual).

Figure 25 A9 seed testa (outer shell) possibly poppy (Papaver family) (Halifax group) adhering to calodilus; B
opium poppy seeestas in an opium preparation (Hassall 1855, 307), note the honeycomb pattern similar to the
seed testa in A; &€possible tuber epidermis such as potato, carrot or turnip (Halifax group) well incorporated in
calculus; Db longitudinal section of turnip showgnparenchyma and reticulated vessels with characteristics
similar to the tuber epidermis fragment in C rapped in calculus (Halifax group) (Winton etOél. 499, figure
323). Scale bars 20 e€m, magnified 400x.

Wood
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Wood remains wersurprisingly ubiquitous throughout the Halifax sample (100%) but was
only present in 64% of the Manchester population, although there were a few individuals
which had large counts of wood in their calculus (see section on occupational dust). For
example, KBC 126, an 8 yeanld child had the highest proportion of wood patrticles of any
individual at 264 particles per milligram of calculus. Closely following were two older males
(HSC 27 & 34) with 5557 particles/mg, and an adult female (HSC 128) with 60qgbestimg.

Much of the wood remains were very small flecks of damaged material (possibly through
microbial digestion) which prevented identification to species. However, there were several
instances where conifer could be identified through the presendagofodtic bordered pits

in the fragments (Greenish 1910), with some pits in isolafiguré 26-A & B, see also
Appendix 5.1). This was compared to samples of conifer wood in the reference collection
compiled by Radini (2016) and differentiated from other plant species (such dgyleek

26-C) which also have small openings (stoma) which can easily be confused with casifer pi

to an untrained eye.

Figure 26 Arboreal debris & Fragment of softwood/conifer with characteristic pits (HSC 88)sBhall fragment

of softwood with isolated pits (HSC 158)) @odern reference collection of raw leek (Allium figinwith red
arrow indicating a leaf stoma (respiration pore) which is sometimes confused with conifer softwoodpits; D
dehydrated pollen grain (HSC 119), possibly arborea®; rBodern reference collection image of hardwood
showing simple, unordered pits ¢rarrow) and more compact cellular structure. Magnification 400x.

Few of the wood particles could be definitively identified to type due to the small and degraded

particles. Fortunately, a small number of particles could be identified as soft wood {conifer

noting the distribution of bordered pits along the fibre lines of the wood, which is a common
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method for differentiating soft and hard wood in forensic investigations (Petraco and Kubic
2003). This criterion has also proved effective in archaeologyesisethe work of Radini et
al. (2016) identifying coniferous wood remains in Neanderthal dental calculus.

There are many pathways in which wood particles can become lodged in dental calculus as
wood was the main building material used until the moderiogheDegradation of wooden

interiors and eating surfaces are a likely source of oral incorporation.

However, those individuals with high concentrations of wood particles have the possibility of
being exposed to wood dust through an occupational environsestt as livery stables or
woodworking trades (also well known for the same associated species of fungi such as
Alternaria, Aspergillus an€ladosporium (c.f. Black, Dilworth and Summers 2007; Harper

and Muller 2002). Coniferous wood is also known to ehdeen used in the drug
manufacturing industry, being used to clean the drug mills and in some cases used as an
ingredient in powdered medications (GreenishQ.859), the presence lafrge, borderegits

along tracheid fibres, however small, is enoughidentification.ldentified wood particles

in Halifax: 17 F, 23 M, 6 U (n = 46, 100%); and Manchester: 9 F, 12 M, 1 U (n = 22,
619%).

Pollen grainswvere found in only three individuals (2 males, 1 femétgjre 26-D) in the
Halifax group only and were alhe same morphotype. Speeclesel identification is only
possible with x1000 magnification which is not available at the University of York. This
morphotype resembles arboreal (tree) pollen which is ubiquitously airborne and therefore
cannot be linked tany specific activities. Perhaps the lack of pollen grains in both groups
indicate the absence of honey in the diet (c.f. Radini, Nikita and Shillito 2016) or extensive
deforestation surrounding the urban areas in which they lived. No pollen grainsdosenssal

in the Manchester calculus.

Plant Fibres

Pl ant fibres, including those used in textil
is both sample groupfidure 27). Many fibres quantified could not be identified as to species

and could relee to dietary plant fibres or domestic/occupational exposure to shed fibres from
ropes, string, and basketry. Natural fibres were used in everything from packing material in
containers to sacking and would have been everywhere, both in the home andgiaceor

See als@d\ppendix 5.6for results of sizes of textile fibres per individudhdiagnostic plant

fibres identified in Halifax: 16 F, 22 M, 4 U (n = 42, 91%); and Manchester: 13 F, 16 M,

2 U (n =31, 86%).
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Figure 27 Textile fibres of plant origin: & Flax-like bast fibre (Linum usitatissum or Cannabis sativa; Halifax
group) under polarized light highlighting transverse markings (red arrow) and lumen (green arrow); modern
reference sample @i (linen) fibres; @ cotton fibre (Gossypium) microscopy image showing the characteristic
ribbortlike twist (Baldt 1916); B pink cotton fibre (Halifax group); &lack cotton fibre (Halifax group).
Magnification 400x.

Flax (Linum usitatissimuinor hemp Cannabis sativafibres have been found in 38% of the
Halifax group and 28% of the individuals in the Manchester group. These plant bast fibres
were identified based on the presence of a distinctive lumen (central narrow canal), with an
intact surface layedisplaying xnode dislocation scardiqure 27-A) which assist in the
bending of the plant (Kvavadze et al. 2010). Flax often appears blue irpotaszed light

with an average fibre width of 2D 5 ¢ lehentified flax/hemp fibres in Halifax: 7 F, 10 M,

1 U (n =18, 39%); and Manchester: 5 F, 5 M, 0 U (n = 10, 28%).

Cotton Gossypiun is identified by its ribbo#ike appearance with a flattened medulla

(figures 27-C 1 E). The surface layer appears smooth or with oblique diarsbaged cellular
structuresoften with frayed fibre ends (Kvavadze et al. 2010). Cotton fibres are considerably
thicker than flax measuring6D5 e m i n wi dth and often quite |
69% of the Halifax population and 64% of Mancheduntified cotton fibres in Halifax:

14 F, 18 M, 5 U (n = 23, 50%); and Manchester: 9 F, 11 M, 2 U (n = 22, 61%).

There were many unidentifiable plant fibres observed both within the calculus matrix-or free
floating in the resulting natant. It is possible that these are evidetedil® remains, however

due to their small size or lack of distinguishing features, they have been counted but not
identified. Plant fibres were almost ubiquitous throughout the population in most of the

individuals in both populations (98% from Halif886% from Manchester).

There was not such a great number of textile fibres as to suggest that any of the Halifax
individuals were involved in textile manufacturing. Many of the identified cotton fibres were
dyed and could be assumed to have been shed fotinmg. Identified flax/linen fibres were

not observed to be coloured, however it may be that they have been shed from more practical
cloth items such as undergarments and cleaning cloths which are unlikely to have been

coloured or have patterned weavésl | the identifiable fibres
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however there were a number of finel(® € m) afmidnerl ¢ «3em) which <co
identified with certainty but are small enough to be inhaled deep into the lundig (58e

Undiagnostic Plant Renres

All the individuals in both groups had unidentifiable plant matefigiife 28). The particles

could still be identified as to plant origin (clearly defined cellular border) such as leafy greens
but were too heavily processed or in sirghdl isolaton obscuring all diagnostic features.
Such remains were stild]l recorded and count ec
investigations in the future, their origin may come to light. Experimental food plant processing
experimentsfigure 28 below) demonstrate how boiling for just fifteen minutes can render
macerated plants unrecognizable. The cellular structure becomes bloated and distorted leaving
only the thick cellular wall as evidence of plant material (seeApgmndix 5.5. All plant

material including tubers and edible leaves became bloated and distorted after even brief
periods of boiling in water demonstrating the difficulty in positively identifying individual
plant species. Unlike starch granules, vegetal materialraestain diagnostic features when
cooked and macerated (chewed) posing the necessity for complimentary biomolecular
analysesUndiagnostic plant tissue observed in Halifax: 18 23 M, 6 U (n = 46, 100%);

and Manchester: 15 F, 16 M, 4 U (n = 35, 97%).
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Figure 28 Modern reference collection of boiled and ground food items. A: boiled swede; B: boiled potato; C:

ground raw black tea; D: boiled cabbage; E: boiled onion; F: boiled parsley. This image demonstrates the
similarity of vegyetable foods when subjected to processing making it very difficult to differentiate on the minute
particle size observed in dental calculus. Scale bar 20 microns, magnified 400x.

Phytoliths

Only three individuals presented with phytoliths in the calcolagix, all associated with soil
deposits. None of these were diagnostic and were of a single morphotype which can be
described as long, smooth, and cylindrical which appeared to have been burnt due to their
darkened appearandig(re 29). As these phytihs cannot be identified as to species, it is
impossible to determine their origin. Grass particles could have been burnt in fires and the
ashes scattered into soil deposits or incorporated into dental calculus via wind and inhalation.
Due to close assaion with soil deposits and unidentifiable plant species, these few
examples of phytoliths cannot with certainty be associated with diet or food processing as has
been the case with dental calculus investigations of earlier time periods (Shillito 2071, 20
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Gismondi et al. 2018; Henry et al. 201Ryobable phytoliths identified in Halifax: O F, 2
M, 1 U (n = 3, 7%), none observed in Manchester.

20pum

Figure 29 Burnt smootkcell phytolith (HSC 120). Magnification 400x.

Charcoal and Burnt Debris

Charcoal and burnt plant debris were surprisingly rare in the sample populations. Those
individuals which had small amounts of charcoal, occasionally found incorporateall i

within the calculus matrix and therefore of very minute size, were few and the particles too
small to identify figures 30-D & E). Some individuals exhibited small spreads of soot
throughout their calculus, but this may be the result of fossildugiing and therefore not

organic in nature.



Figure 30 Burnt material: A large charcoal conglomerate (HSC 19)3 Bnodern reference collection, coal dust;

Co modern reference collection, charcoal black pigment powder; heavy soasitteeincorporated into dental
calculus (HSC 185); lighter soot deposits from a Scottish prisoner of war held in Durham 1650 (PGL 19).
Magnification 400x.

Smaller particles of soot could well represent some of the finer spread of soot observed in
dental c&ulus microscopical investigations (c.f. Radini 2016; Hardy et al. 2012) and
potentially representative of candle and lamp soot, but most likely not from industrial air
pollution. Black carbonfigure 30-C) was also widely in use as a writing ink and paince

2000 BC (Murr 2009, 265), which if any of the individuals were licking the tips of their pens
regularly, could well have ended up with black carbon ink in their calc@bserved
charcoal, soot and burnt material for Halifax: 3 F, 7 M, 0 U (n = 10 22%); and
Manchester: 2 F, 3 M, 0 U (n =5, 14%).

Microdebris of NorPlant Origin

Microremains of nosplant origin make up the largest and most significant collection in this
study which can be roughly organized into three categories: fungi and yedsial, @and
mineralogical. In the context of the Industrial Revolution these broad categories represent part
of a significant problem in the interpretation of many of the results, as the period is well known
for its practices of adulteration and fakery eany all forms of food. This directly impacts

on the interpretations made for the previous section on plant microremains in that many

identifiable species do not always appear in the context for which they are thought to originate,
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namely as food items.hls section will serve to highlight the changing nature of food
manufacture, storage and transport via the presence of multiple fungal species, parasites and
artificial colourants which have not been seen in such high quantities in past populations, such
as medieval and earlier. Although many of these inclusions have been observed in previous
studies (Radini, Nikita and Shillito 2016; Hardy et al. 2016; Power et al. 2015), the quantities

observed in the current pastedieval study are considerably greabamntearlier time periods.

Kingdom Fungi
Identification of fungal remains in archaeological contexts is fraught with problems. Precise
identification requires a highly specialized analyst with a purboge reference collection
(De-Wei Li et al. 2007). Alditionally, culture analysis of fungal colonies is necessary for
identification, which leaves biomolecular analyses as the next best option. With a large variety
of fungal morphotypes observable and the high degree of preservation within the calculus, it
was possible to group similar types together and give a tentative identification based on
observable features using online fungal catalogues, published sources, and identification tools
(cf. Navi et al. 1999; Margulis 2010). Twelve morphotypes have besttified although
fungus was listed as detected when any part of the fungus was observed, such as an isolated
hypha. Of these 12 morphotypes, 11 morphotypes were observed in Halifax and 4 in
Manchester. In most cases, several different types of fungasspare observed within a
single individual 6s calculus, but not every
could be explained by varying circumstances of contamination and incorporation as well as
different lived environments. For example sebved fungal spores in the Manchester group
were dominated bigrosporatype spores (large, black spherical conidiophores) typically
infesting import crops such as rice, maize and sugar, whereas in Halifax, dominant fungal
types were chiefly associatedttvdamp rot, such a&lternaria and Torula types. Although
Torulatype spores were observed in a small number of cAftesnaria, with its distinctive
morphology, was the only spore which could be identified with any certainty, therefore the
number of individuals with this type of fungal debris will be givdalifax: 2 F, 2 M, 1 U, n
=5 (11%); Manchester: 2 F, 3 M, 0 U, n = 5 (2%).

Fungal spores were found in 76% of the Halifax population and 61% of the Manchester
population Halifax: 14 F, 19 M, 2 U, n = 35; Manchester: 8 F, 9 M, 5 U, n = 22In most

cases, several different types of fungal spores were observed inasingleiddi al 6 s cal cu
but not every individual had the same combination of types. This could be explained by
varying circumstances of contamination and incorporation as well as different lived
environments. According to Radini (2016) the spore count periéhdil is significantly

higher than earlier medieval populations, which could in part be due to changes in food
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production and storage, and most important to housing, as several species are known to be
associated with damp interiors. Several investigatdracient human dental calculus have
noted accidentally ingested or inhaled fungal spores and hyphae (Hardy et al. 2015; Radini et
al. 2016; Warinner et al. 2014) with an exceptional discovelystifago maydigcorn smut)

in dental calculus from ¥8entury burials in the Canary Islands linked directlyZta maize
consumption (Afons&/argas et al. 2015). Due to the millions of species of fungi, many of
which spores are very similar morphologically, it was not possible to identify the observed
spores aso exact species, rather it was deemed appropriate to group them by morphotype
below. It may be possible to achieve more exacting identifications with biomolecular analyses,
such as aDNA or proteomics, but this remains a future direction in this repeajett for

the time being.
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Figure 31 Fungal spore types:@Alternaria (morphotype 1, HSC 120)§B orula (morphotype 3, HSC 27)8C
Cladosporum or Chaetomium (morphotype 4) spore cluster (HSC 82&spergillus (morphotype 2) spas with

di agnostic o6f odtCunalarial(nrphptis 8) spbr2 (HSC 358 Bipolaris (morphotype 7)
spore (HSC 98); @ Dreschlera (morphotype 7, MCS 5.29)8 iDelitschia/Verticillium (morphotype 12)91
Cladosporum (morphotype 4, HSC 279; Spe@zzinia/Ulocladum (morphotype 11, HSC 140¢; 8temphylium
(morphotype 10, HSC 120)pLRhizopus (morphotype 9, HSC 57)d Mpicoccum (morphotype 9, HSC 4009 N
Arthinium (morphotype 4, HSC 92);0Q/east spores, likely Candida albicans (morphotype 5) incotpdranto
calculus (HSC 13); & detail of yeast spores showing the characteristic sunken area or budding scar in the centre
of the spores; @ modern example of Candida albicans with hyphae present when virulence is heightened (Farlex
Partner Medical Dictionay 2012); R Nigrospora (morphotype 6, MCS 2.36):-Spegazzinia/Ulocladum
(morphotype 11, MCS 27)gTDelitschia/verticillium (morphotype 12, HSC 1290)3 lJossible Dresclera (HSC

5). Magnification 400x.

Morphotype 1: Alternaria type. Large, multicellular comlia spores with longitudinal and

transverse septa, and a distinct otfguré 6 or
31-A). They are typically dark pigmented and very abundant in the air (Levetin 2004).

o
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Individual ovoid spores may appeggtit green to brown and vary in sizefroml1@ ¢ m wi d e
by206 5¢em | ong with an elongated ter minal cel |
centre of the spore (Navi et al. 1999, 18).

Alternariatype spores are by far the most abundant throughostthele population, which

grows at low temperatures and is the principal pathogen of wheat and barley in both growing
plants and stored grains (Lopez et al. 2016, 196). It has also been noted to infect stored fruit
and vegetables in damp conditions whictidate that this species is associated with poor
storage practices and the consumption of spoiled food. Alternariol is the toxin released by
Alternaria spores which is a known respiratory irritant linked with chronic bronchitis and
asthma (Lopez et al. 261Steyn 1995; Marin et al. 2013). This morphotype spore was easily
identified due to the darWwalled, multicellular structure with several longitudinal and
transverse septa in these characteristic conidia. Their large spore sz® @0k m) sugge st
that dthough they are associated with asthma and hypersensitivity pneumonia, they would be
deposited in the nose and mouth rather than penetrating deep within the lungs (Grabowski
2018).

Morphotype 2: Aspergillustype. Individual conidia measure8 € m a c iclo@iginatev h

from @#edl dotat the end of the central hypha b
2; figure 31-D). These small spherical spores often appear grey or green and are often
confused withPenicillium, although can best be identifibg the shape of the bulbous feot

cell rather than the branching spray of stalksPahicillium (Aerobiology Laboratory

Associates Inc. 2018)Aspergillus fumigatuseleases aflatoxin which induces vomiting,
diarrhoea, anorexia, and in extreme cases, fatgtin haemorrhage (Marin et al. 2013, 227).

It commonly infects maize, nuts, coffee, wine, dried fruit, animal feed, cereals and bakery
products (Zain 2011). The pathways for inclusion in dental calculus is most likely poor storage

and consumption of sded food items, or in the case of animal feed, consuming the meat or

milk of infected animals (Zain 2011). This fungal type was identified by the presence of the
6faeetl | &6 from which the spores are produced;

spheical measuring2 e m i n di ameter (Levetin 2004).

Morphotype 3: Torula type. These conidia are formed in long chains which break into shorter
segments of around five spherical to bastehped conidia, measuringg2e m e ac h . Spor
appear dark brown to blavith dark walls and rounded efwells (Navi et al. 1999, 108).

Torulatype spores are found in temperate regions in soil and rotting plant material, however

it is also the principal pathogen of oats. It is most commonly found in damp indoor
environmentsvhere it infests old sacking, wicker and straw baskets (Hashmi et al. 1973).

Torulais associated with asthma and hay fever but has no known toxic effects. This type is
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di stinguished by the formation of cfgue di al ¢
31-B).

Morphotype 4: Chaetomium/Ganoderma/Meruliporidype. Thesetypes of spores are the

most common mould source in weodnstructed water damaged buildings. Characteristic
lemonshaped ascospores almost always lack a budding scar with both emdisd-¢Navi et

al. 1999; Aerobiology Laboratory Associates Inc. 2018) measurifig82Z m | o7n.g5 sbm 6
wide and olive brown in colour (Barron et al. 2003, 5303). They are found in soil, air, and
cellulosecontaining plant debri€€haetomiuntype spores are most associated with sinusitis,
pneumonia, and cerebral disease in immunocompromised individuals and are the most
allergenic indoor fungal spores (Barron et al. 2003;Vie Li 2007). These spores are
identified as singleelled, smooth, darwalled often found grouped together in the calculus.
Single spores measurel80 e m and ar e -shaped, often vitlo browe on brown
green colouringfigure 31-D).

Morphotype 5: Yeasts Candida albicansor Saccharomycegype). Yeast spores were
observe in 69% of the Halifax population and identified as round ofrsuind, hyaline thin

walled cells measuring-2 0 e m i n fadures B8leC - ). Ye@st spores do not grow
hyphae, rather they replicate via mitosis leaving a distinctive buddiaig (Deaco n.d.).
Although these spores are similar in appearance to starch granules, they can be distinguished
by their lack of birefringence in crogmlarized light, resembling blood haemoglobin (dimple

in the centrd budding scar). Yeasts are normal inhabitamthie oral cavity; however, they

are also opportunistic proliferators in those suffering from advanced periodontal disease or
immunocompromised persorSgndida albicanscausing oral thrush (Jarvensivu et al. 2004;
Jenkinson and Douglas 2002). The preseof hyphae, which in periodontal disease extend

into the periodontal tissues (Jarvensitu et al. 2004) and chlamydospore foénthiicia

walled hyphal cells which function like spofes Candidaand otherAscomycotaccur in

adverse conditions (Increasextidity/host defence) which are thought to contribute to
virulence (Mayer et al. 2013). Hyphal formation and chlamydospores do not occur in
Saccharomycesbr ewer 6 s yeast) and therefore may pr
are indeedCandida(Lin and Heitman 2005). Yeasts are a special case as they occur both
naturally and pathologically in the oral environment. Their distinctive morphological features
also allow for more accurate identification, and therefore can be recorded with near certainty
for the following numbers of individualddalifax: 14 F, 18 M, 2 U, n = 34 (74%);
Manchester: 8 F, 9 M, 3 U, n = 20 (56%).

Morphotype 6: Nigrosporatype. These very distinctive conidia are dark brown to black,

spherical or occasionally egtpaped, measuring2z1 4 e m i n di amet er wi t h
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distribution typically infecting maize and rice crops, also found in the soil and air (Navi et al.
1999, 94figure 31-R) . Some spores can measure well i n
and are responsible for resgtory allergies (Gioulekas et al. 2004). Thésgrosporatype

spores were found most often in the Manchester individuals, although occasionally in the
Halifax group as well.

Morphotype 7: Bipolaris type. These conidia are slightly curved, narrowly eddal, and
very pale to golden brown in colodigure 31-F). They have 8 oblique internal septa within
the cell wal/l measuring 35egm | ong and around

These spores were quite rare and appeared most oftemNtanchester group.

Morphotype 8: Curvularia type. Occasionally these smooth and slightly curved conidia were
observed in the Halifax group, but not the Manchester individiigle¢ 31-E). The spores

resemble a croissant with a large central cell anéast three septa, pale to dark brown,
smooth walled fusiforms measuring 30em | ong
Laboratory Associates Inc. 2018; Navi et al. 1999, 56). Curvularia are found on most cereal
grains in all parts of the world andearesponsible for fungal sinusitis and dermatitis,

especially in immunodeficient people (Safdar 2003).

Morphotype 9: Epicoccum/Rhizopudype. Epicoccumtype molds have conidia which are
dark brown to black, spherical, irregularly septate although tha aepoften obscured by the
thick spore wall and have the appearance of being impressed with a net, meas@rig1t
diameter, often growing in small clusters, and occurring on all food types and also in the air
(Navi et al. 1999, 80; Aerobiology LaboragoAssociates Inc. 2018jgure 31-L - M).
Alternatively, Rhizopudype sporangiophores (stalks) arise from stolon {li&etstructures)
ending in columellae which hold the spores growing inside them. The Columellae become
detached after shedding theirosps and retain a subspherical to umbsidia shape
measuring7d 4 0em acr oss, someti mes stil/l attached
104). Rhizopus is a common breaduld which has also been found on mature vegetables
and fruit worldwide (Peuzello 2014).

Morphotype 10: Stemphyliumtype. These spores are somewhat irregularly shaped, rounded
(but not spherical) with dark walls and spore colouring, and with several irregular transverse
and longitudinal septafigure 31-K). Stemphyliumtypicaly infects leaves (notably
problematic in tomato plants) and wood and is common worldwide ilitieaif (Malloch

1981; Aerobiology Laboratory Associates Inc. 2018). These particular spores have only been

observed in the Halifax individuals in low numbers.

Morphotype 11: Ulocladum/Spegazzinitype. These spores were characterized by their dark

pigmentation and constricted septa around at least four cells. Two good examples of this type
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of spore were observed in HSC 105 and MCS 27, both measuring abbui 22m di amet er
Ulocladium originates from zigag (geniculate) hyphae, which was observed in other
individuals although not in the presence of the spores listed here (aerobiology.net; Kumar and

Atri 2016; figure 31-S). Ulocladiumis a very common black mold on paper and wood,
whereasSpegazziniégs extemely common on cereals and sugar cane products from the USA
(Aerobiology Laboratory Associates Inc. 2018), both of which could have been imported or

occurred in urban industrial cities.

Morphotype 12: Delitschia/Verticillium type. These spores are less secure in their
classification.Delitschia ascospores usually measure@@ e m | ong by 30em wi
slightly constricted median transverse septa with two cells either side;eloidatl and very

thick dark walls occurring on horseigg (Cannon 201figure 31-T). Halifax skeleton 145

has two isolated spores trapped in their calculus matching the above description, although they
are much smaller (20em |l ong by 15e&m wide)
spores although the nprological description is very close to how these spores look under

the microscope.

Figure 32 HSC 119, fungal mycelium or active fungal infestation of a wood fragment with attached calculus.
Magnification 400x.
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The ways for wheh fungal material can be incorporated into dental calculus are legion as it is
present in both indoor and outdoor air and settles on most surfaces. Some of the more likely
pat hways that | arger amounts of funbgely spore
outlined here. Living in damp houses with mould patches in the walls and floor are rife with
spores floating in the air and settling on food and lips, entering the mouth in this way, possibly
more so than inhaling airborne spores out of doorsréBast al. 1998; Johanning et al. 1999;
Power et al. 2015). Eating contaminated food that has either gone mouldy or has spoilt
ingredients can incorporate large quantities of spores into the mouth (Afangas et al.

2015). Mite infestation in storeddd can also be a potential source of spore incorporation as
mites are known carriers of fungal spores (Hubert et al. 2003; Roets et al. 2011). However,
much of the medical literature on spore inhalation comes from studies focussing on the work
environmentWorking in stables where damp wood chips and straw can be left in corners for
mould to grow upon (Nardoni et al. 2005), as well as settled wood dust in saw and paper mills
which have the highest incidence of mycotoxin induced-sasal cancer (Sahle dt £4990).

The example abovdigure 32) could potentially demonstrate exposure to damp and mouldy
wood dust as this wood particle clearly has an active infestation of mould growing between
the wood cells. Perhaps this individual (an older male from Hanfaxked in a livery stable

or was involved in carpentry as it is unlikely that casual exposure to wood dust would result

in such a large particle being incorporated into the calculus.

Kingdom Animalia: Nematoda, Cestoda, and Arthropoda (Invertebrates)

Only a single individual presented with a degraded nematigierds 33-A & B) in the

Halifax population, and one in the Manchester population. Nematodes are present everywhere
in the soil and water with potentially millions of species. With this in mindyas not
attempted to identify the above example beyond phyla, as all nematodes are transparent, non
cellular roundworms which feed on bacteria (Crow 2012). It must be assumed, therefore, that
this nematode became incorporated into the calculus via sadsting, possibly via
improperly washed food. Only two individuals presented with nematode remains in their
calculus: 1 Halifax male (SK 5) and 1 unsexed Manchester individual (SK 2.11). There were
several individuals in both populations which presentetl what appears to be cestode (the

best known are tapeworms or taenia) eggs (Reinhard 1992) (at first mistaken for fungal spores;
figures 33-C & D). Taenia ova all look similar and more specific identification will not be
offered here. Common taenia specielsich could potentially be ingested include those
present in infected and undercooked meat or from close contact with infected animals and
their faeces such as dogs. Potential cestode ova were observed in a small number of individuals
in both populationsHalifax: 1 F, 2 M, 0 U, n = 3 (7%); Manchester: 2F,2M,0U,n=4

(11%).
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Figure 33 Invertebrates: A fragment of a nematode with calculus adhering to it (HSC 8)n@&matode, partially

damaged (MCS 2.11);-Dd potential Taeniaova in the calculus of the same individual (HSC 2Fdpotential

flour mites (Acarus siro) (HSC 92 and MCS 5.29); modern reference collection dust mite (Dermatophagoides
pteronyssinus); B moth or butterfly (Lepidoptera) wing scales (Halifax group). Mdgmifat i on 400 x , exce
which is at 200x.

An alternative identification oAscarisegg was considered, however these examples measure
45-75 microns long, are ovoid rather than circular with a mammilated (covered with small
protrusions) outer shell (CDC 2018)aeniaeggs, on the other hand are more circular,
measure 335 microns diametr with radial striations sometimes visible (CDC 2017).
Archaeologically, parasite eggs have been found in mummified human remains and preserved
faecal matter and are well discussed in the literature (c.f. Nezamabadi et al. 2013; Nanson and
Jorgensen 1977Nematodes do not often appear in archaeological literature, although with
dental calculus investigations, helminth and parasite remains have been recovered from
Neanderthal faeces (Sistiaga et al. 2014), although there does not seem to be much discussion

around it.

Arthropodsare invertebrates with an exoskeleton commonly called insects. They can be found
everywhere but have particular importance in their colonization of stored foodstuffs and
houses in this context. Miteddari sp) can infest dry goodsuch as flour and sugar as signs

of spoilage, or beneficially in certain varieties of cheese. They have gained favour as indicators
of enclosed environments in archaeological contexts in the last few decades (Baker 2009;
Denford 1978). Butterflies havetli bearing on food storage, but moths are known to be a

pest in indoor spaces chewing their way through natural fibres such as wool (Clark 1928).

Only one Halifax female (SK 92) had a mite carapace (outer skeleton) partially attached to a
soil particle. tis difficult to determine the species of mite as the most likely species would be
dust mites Dermatophagoides pteronyssifus storage/flour miteXAcarus siro;figures 33

E & F). Both species measure 20600 microns in length and have similar morggyl

(elongate, rounded bodies) and would need an expert to identify them correctly (Patel and
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Maher 2016). It might be possible to use biomolecular analyses to determine the exact species,
but as these would have been ubiquitous in the indoor environimemild not be feasible to
investigate this further.

It is probable that this individual simply ingested food that had settled dust on it or inhaled the
shed carapace accidentally.-Byr oduct s of the mites6é metabol
cause of allerig rhinitis, but they are not parasitic and do not burrow under the skin (Vogel et

al. 2014). Mites are so common that the potential pathways for ingestion are legion and should

not therefore indicate a particularly insanitary environment. Although themany species

of mites varying in size and morphology, the selegraded carapace allows scant evidence

for secure identification.

Mites are well represented in archaeology in reconstructing ancient environments (Schlevis
1990; Baker 2009), but so fahey have not been discussed in ancient dental calculus research
papers. The presence of mites has been used to assess food storage technologies and housing
conditions in the past with some success (Hughes 1976). Little can be said in this analysis

beyondwhat could be said in an environmental reconstruction.

Moths andButterfliesare found all over the world and it is common to find the shed scales
from their wings incorporated into dust. Moths are often found in homes (both dead and alive)
and it can theefore be surmised that the instancekegidopterathe family comprising both
moths and butterflies) wing scales should be commonly incorporated into dental calculus.
Only one other paper by Karen Hardy andaarkers (2016) mentions the presence offmot

or butterfly wing scales found in human dental calculus. However, when the recording of all
microdebris in human dental calculus occurs, there are sure to be additional mentions in the
future. The large size of the moth scafigure 33-H) may not be thauncommon in
individuals with heavy or fadbrming calculus deposits, and the preservation of both
examples is exemplariLepidopterawing scales occurred in a small number of individuals
from both populations, but there is little that can be said eswoonment or cleanliness with

so few examples.

Kingdom Animalia: Classes Aves and Mammalia (Vertebrates)

This class of microdebris is represented by fur and feathers, and not by their edible products
such as meagggs,and milk, and therefore not inclad as dietary evidence. Sheep hairs or
wool textile fibres have been found preserved in archaeological contexts (Ryder 1990; Muller
et al. 2006) as well as in human dental calculus. Feather barbules often form part of house dust
as are mammal hairs as yhare shed from furs used for clothing or bedding. None of these
findings were in sufficient quantities to suggest regular exposure to large airborne quantities

of animal fur and feathers.
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Evidence for feathers was found in two Halifax individuals andimme Manchester. Feather
barbules figure 34) which are the branching hdike structures formed to either side of a

barb which in turn originate from the central rachis or shaft (the distal end is the quill often
used as a writing implement). What is simohere is the terminal end of the feather barbules,
most likely shed through degradation of the feather and incorporated into the dental calculus
via house dust. Feathers were used in a variety of household items such as bedding and pillows
as well as darative items on clothing and hats (Dove and Koch 2011). Plucking birds during
food preparation would have taken place in the home and microscopic feather particles would
therefore be present in the indoor environment. Consultation of visual guides (iodkech

2011; Petraco and Kubic 2003) indicates that these barbules may be thaB#oofns such

as pheasant, quadhicken,and partridge. An in depth familiarity with feather morphology is

required to narrow the identification down to species level.

Figure 34 Feathers: A-feather barbule, possibly chicken (HSC 88; distal end of feather barbule (MCS 27);
Co feather barbule (PGL 22); modern reference collection (Radini 2016) showing male and female Galliform
(chicken) feathr barbules for comparison. Magnification 400x.
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Feather identification with microscopy was first acknowledged as a significant contribution
to archaeology in the 1960s (Hargrave 1965) and was most often employed in clothing
analysis in comparison with etbgraphic accounts on the use of feathers in traditional
societies such as those in Hawaii and North America (Bateman 2009; Sibley, Jakes, and
Swinker 1992) and forensic sciences (Dove and Koch 2011). Archaeological evidence of
feathers has been obtainedrir lithic residue and ussear analyses on Neanderthal tools
which indicates that they utilized birds as a food source (Hardy and Moncel 2011). Further
evidence has been gathered from coprolite analysis, which often reveals feather barbules

amongst otheridtary remains (Reinhard and Bryant 1992).

Wool fibres were present in the calculus of 8 individuals (21%) in the Halifax population but

not in Manchester. Wool fibres are often helical resulting from spinning with even the shorter
fibresdisplaying a bend or arch. The fibres are relatively thick in cross section measuring 50
60em in diameter (Kvavadze et al. 2010; Petr
found still retained traces of coloured dykgure 35-C) although most wereolourless. The

main identifying feature of wool and other 1
which covers the hair shaft. As Halifax is noted as a worsted (woollens) manufacturing town,

there was surprisingly little evidence for wool in tatculus. With only eight individuals with

just a few wool fibres it must be assumed that it originated from their clothing and was present

in house dust. Wool in the archaeological literature is only mentioned as preserved in burial
settings. Two casesdtilight the extraordinary circumstances which preserve wool: frozen

burial environments such as the woollen carpet and fabric recovered from Siberia dated to 400

BC (Ryder 1990a) and woollen cloth and animal pelts discovered in an Austrian salt mine

from the 68" centuries BC (Ryder 1990b). It should be considered that dental calculus should

be considered anot her such 6extraordinary(
archaeological remains. Numbers of individuals with evidence for wool debris in their
calculus were smalHalifax: 7 F, 2 M, 3 U, n = 12 (26%); Manchester:0F,2M,0U, n=

2 (6%).
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A

Figure35Animals: A well preserved mammal hair in crepslarized light (HSC 141), arrow indicates indicative
scales along the hashaft; B distal shaft of mammal hair (MCS 5.16), arrow indicates the fine point at the end
of the hair shaft. Magnified 400x.

Animal hairs, similar to wool above, are not typically preserved outside of waterlogged,
frozen, or arid environments and aaee finds in archaeological contexts. Lithic analysis (of
stone tools) has revealed microscopic traces of animal hair and skin on worked stone tools at
Neanderthal sites (Hardy and Moncel 2011). Most usually, hair is preserved in coprolites of
humans (Reihard and Bryant 1992) and Homo sapiens hair found in Pleistocene hyena
coprolites along with other mammal hairs in South Africa (Taru and Blackwell 2013). Dental
calculus, like coprolites (fossilized faeces) contains a record of dietary and environmental
debris of which mammal hairs can also be found. Three individuals in the Halifax group and
one in the Manchester group contained animal hfgrsrés 35-A & B). Mammal hairs are
identified by their pattern of scales, in this case wide imbricate scadgrpaith the medulla

only just visible figure 35-A) (Petraco and Kubic 2@072). The second examplig(re 35-

B) shows the distal end of the hair, although the scale pattern is not visible, the lack of
trimming or wear suggests that it is an animal dauter coat) hair (Petraco and Kubic 3200

71).

Anthropogenic Microremains

These microremains are grouped as the result of human activity. Debris such as artificial

colourants, pipe clay and glass are all maade and would not occur in the natural
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environment as would soil and mineral grit, as in the case of dust from unpaved roads or

unwashed food.

Artificial colourantsare difficult to identify definitively under optical microscopy and a
detailed knowledge of the optical properties of pigments im#akeA further confounding
variable is that red, yellow and orange are common colours of minerals in soil. Blue, however,
is rarer in lithological samples and therefore was chosen for further investigation utilizing
handbooks and reference guides fompégt analysis and conservatidigre 36). Because

blue pigment was found in 31/46 (67%) of the Halifax population and two adult males in the
Manchester population, and there is extensive documentation of adulteration with artificial
pigments in foodstuff during the 18and 19' centuries experiments were carried out in the
laboratory to investigate pigment uptake by various molecules. These experiments showed
that both modern and historic blue pigment,
or absorb intdiZea maizestarch granules, rather they adhered to the outer surface in the same
way they were observed doing in the ancient samples extracted from human dental calculus.

Blue pigment particles per populatidthalifax: 13 F, 16 M, 2 U, n = 316§7%); Manchester:
OF,4M,1U, n=5(14%).

o

Figure 36 Comparison between Prussian blue pigment crystals (A) and lapis lazuli mineral fragment (B).
Magnification 400x.

Blue pigment particles were the most common amongst all the artificial pigments observed
and was the fourth most numerous finding in the Halifax population, and were most often
observed attached (not staining) starch granules (poteredlynaizgand no-plant material

(figure 38), which upon experimentation was found to closely resemble pipe clay particles.
Consultation of pigment compendiums (Eastaugh et al. 2004a, b; Welsh 1988), numerous
accounts of the use of Prussian blue adulteration and detéctinrthe same time period
(Hassall 1855; Alexander 1856) and the optical intensity of the pigment lends weight to its
potential identification. These blue pigment particles appeared as large glassy flakes with
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sharp edges, very deep colour and disappeare@sspolarized light (Welsh 1988, 57). It is
known that Prussian blue was widely used as
since the early eighteenth century as an alternative, colour stable version of natural ultramarine
(ground lapis azuli) recently identified in dental calculus from a medieval female scribe
(Radini et al. 2019), although lapis lazuli looks very different at the microscopic fignee(

36 above). Eastaugh and-eothors (2004a & b) note that starch was typically wsea

substrate for Prussian blue and other pigments and that this was adulterated with plaster and
chalk in cheaper versions, perhaps explaining blue colourant particles nearly always found

associated with clay and/or starch granules in the Halifax pigula
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Figure 37 Pigments and minerals:yellow colourant, potentially gamboge (HSC 5§, Bink colourant, possibly

mercury sulfide (HSC 56);&powdered red material, potentially red lead well incorporated into the calculus over

a wide area (HSC 120);®b |l ue <col ouplaamnt oma téeroinal 86 ( NPA) or calcul |
granules (HSC 128); & vegetable or wood fragment with multiple coloured particles (HSC 56)gH glass or

pottery glaze fragment (HSC 202)d®ossibleblue pottery glaze chip (HSC 119); glass or quartz particles (HSC

186, this individual had an abundance of these crystals throughout all the slides). Magnification 400x.

Identification of yellow, pink and green pigments is still forthcoming as it wouklylibe
necessary to conduct trace element analyses on the slides such #DSE(ffigure 37).
Nineteenth century documentation states that bright mercury compounds, lead, and other
inedible pigments were added to foods in order to disguise spoilageudtetatbn with other
nonfood items (Accum 1820; Hassall 1855). Documentation from Halifax has also been used
to add weight to the assumption that these are potential chemical adulterants (Alexander
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1856). The calculus from SK 120 has a large amountcbposvder pigment throughout the
deposit which could be indicative of red ledigre 37-C). Observation of other pigment
colours, observed only in the Halifax group, are as follg@Bow pigment: 4F, 2 M, 0 U, n

= 6 (13%); red pigment: 4 F, 1 M, 1 U, n= 6 (13%); multi-coloured pigment clusters: 3
F,1M,0U, n=4(9%).

Figure 38 Natural pigment reference collectiondAinely ground cochineal (red); 8woad (blue fabric dye);
Co Prussian blue adhering to Zea Maize starch gitesubDd ground orpiment yellow. Magnified 400x, scale bars
20 microns.

As outlined above, there are numerous pathways that artificial colourants may be incorporated
into the calculus. Food adulteration proves a confounding variable in identifying pigments,
however, it is just as likely that pigments could be inhaled resulting from occupations such as
cloth dyeing figure 38). In the case of the blue pigment, it is extremely unlikely that 69% of

the population could have been working as cloth dyers as tigefoe of textile fibres is so

| ow. Counterfeit tea was regularly 6glazed?d
185%; Alexander 1856; Postgate 1857). Sweets were regularly coloured with a variety of

mineral compounds, as were Gloucester chepméles, and all manner of meats and
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condiments (Wilson 2008), therefore adulteration will be discussed in a separate section
below.

A number of inorganic debris was encountered during the scanning of the slides. These appear
in all cases irregular, withlear fracture patterns, often angular or concave, and brightly
coloured figures 37-F & G). It is proposed in this study that such fragments are glass either
from pottery or from glass vessels. However, secure identification will only be possible with

further analytical techniques and expert knowledge.

Glaziers and other people working in glass cutting are susceptible to inhalation of microscopic
glass particles. As there were only single particles found in any of the above individuals, it is
unlikely thatthey were exposed to high levels of glass dust. Perhaps they ingested these
particles as they were shed from coloured glass drinking vessels or from tiny pieces coming
off of crockery (in the case of the pottery glaze) during normal wear and tear ofeéhts ol

cannot be said that they originate from nefarious practices in the same way as some of the

artificial colourants listed above.

At the time of writing, there does not appear to be any publications listing glass or pottery
glaze amongst the findisgn human dental calculus. A few studies record the presence of
inorganic microremains (Warinner et al. 2014; Radini, Nikita and Shillito 2016; Radini et al.
2016) although these are limited to lithological or soil elements. It might be advisable to
invedigate conservation manuals in the identification of glass particles other than quartz
particles, and perhaps obtain samples of coloured glass for comparison. Glass is identified as
a transparent crystalline isotropic (breaks in any direction) substanck kds conchoidal,

sharp edges and is not visible in crpsdarized light (Petraco and Kubic 2Z)801). It is
commonly found in soil samples in areas where industry takes place. Quartz, alternatively, is
found ubiquitously in soil samples and can tstiniguished from glass in that it breaks roughly
along specific cleavage points (anisotropic) often with rounded edges and is always colourless
(Petraco and Kubic 230 181).

There have not been any publications mentioning pipe clay or plaster in aogfieadiuman

dental calculus. The only reason it was suspected was because of the plethora of contemporary
written accounts of adulteration of various foods with clays and plasters as listed in Hassall
(185%) and Accum (1820) such as confectionery, daigdpcts, tea and chocolate to name a

few (see also list of common adulterantsAppendix 3). Numbers of individuals with
suspected pipe clay (NPA) trapped in their calculus ldadifax: 4 F, 12 M, 1 U, n = 17

(37%); Manchester: 8 F, 6 M, 2 U, n = 1§44%).
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Figure 39 Clay and soil: A non-plant material, possibly pipe clay stained blue (HSC 5%;eRperimental
reference collection, historic pipe clay stained with artificial blue colouradth@avy soil deposits incorporated
into dental calculus (HSC 66);dquartz and mineral grit trapped in calculus (HSC 98). Magnification 400x.

I nitially these pa-plantmaterialdypevie r {ANigute 8sA3and as 6 n
have been recorded as such during slide scanning. Exgreahcrushing of historic pipe clay

(a known adulterant) was performed and when seen to resemie(fifire 39-B), which

was often observed with pigments adhering to or staining, was stained in the lab with modern
pigments. Given their close appearanaetentative identification of pipe clay has been
proposed. Further elemental analyses are needed to securely identify the substance which is
present in the calculus of 24/39 individuals (62%). The presence of the same material in
coloured form further leds to suspect that it might be clay or plaster originating from food
adulteration due to the inclusion of China clay in tea adulteration with Prussian blue and
coloured confectionery (Hassall 155

It could be possible that these pipe clay fragments Igiitipped off a clay pipe whilst
holding it firmly between the teeth. However, greater numbers of individuals hayeilNP

their calculus than those recorded with pipear facets on their teeth (3 with wear facets
versus 24 with NFA). Therefore, the pasbility that pipe clay may have been incorporated

into the dental calculus from consuming adulterated foods must also be considered. Historical
records show that pipe clay was regularly added to confections, tea, bread, pepper and drinking
chocolate (Hassl 18%; Winton 1906), however it could be surmised that the clay may have
been incorporated in a raw state rather than the fired clay crushed and examined in the

laboratory experiment.



125

Employing the method of quantifyiral microremains observed iredtal calculus as seen in
Radini et al. (2016), Radini, Nikita and Shillito (2016) and Warinner et al. (2014) are among
the few that mention soil and mineral aggregates as being incorporated in the calculus matrix.
Sadly, lithological elements have not hdelly explored although in one publication, ron
dietary debris was noted to be more abundant than dietary elements (Radini, Nissitéll&nd
2016). Sail is ubiquitous in the environment and either by settling on food items or inhalation
from the air,it is omnipresent in dental calculus. Contemporary authors on Halifax and
Manchester during their peak of growth write that many of the streets were unpaved which
would contribute to high levels of airborne soil both inside and outside the home (Scald 1992
Kay-Shuttleworth 1970; Ranger 1851). Interestingly, the Manchester population has
comparatively little soil incorporated in their calculus, although not as little as the Scottish
Soldiers from the Palace Green excavations in Durham from 100 years @Adafenzie

and Radini 2017).

Among the norplant and animal remains a variety of flecks of soil were recovered together
with mineral grit {igures 39-C & D above). These were identified thanks to their
characteristic matrix of a mixture of mineral delmigifferent optical properties, sometimes

with charcoal, fungi and amorphous organic debris, possibly humus. Flecks of soil have been
found in other studies and may potentially represent an indication of contaminated food. It is
not possible in this study identify such debris, in both the case of soil mineral aggregates
and single particle of grit/minerals. Soil and mineral grit for each population are as follows:
Halifax: 0 F, 4 M, 0 U, n = 4 (9%); Manchester: 2 F, 1 M, 1 U, n = 4 (11%}Evidence of

quartz particles have been calculated separatédfifax; 3 F, 1 M, 1 U, n = 5 (11%);
Manchester: 1 F only (SK 2.31).

Soil, as mentioned above, may originate in the overall environment of unpaved roads in the
urban settings of Halifax and Manchester. Coimigly, when food adulteration is considered,

soil may have been ingested by adding pepper to food. Pepper dust was a recognised ingredient
in the preparation and packaging of fraudulent pepper during thentis19' centuries which

really comprised floosweepings from the pepper warehouse floor (Hassab; 18&nton

1906). Soil also made its way into bread, according to Accum (1820). Perhaps food
adulteration may provide an explanation as to the copious amounts of soil and mineral grit

trapped in the deal calculus of the Halifax individuals.

Summary oMicrodebris

The patterns of debris for these two posdieval cemetery populations has proved
extremely interesting and important in a number of w&yaich and plant tissue particles,

while numerous, were in an extremely damaged and of very small particle scagimgli
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consumption of refined or heavily processed foods. The absentieeofplant parts, such as
cereal grain husks and chaff, phytoliths, pollemj crop weeds suggests that these
individuals did not play a part in food processiidgpod particles werabiquitous
throughout both populationas were fungal debris, large numbers and variety for the
fungal spore types which are primarily associated with decaying plant material, damp, and
diseased harvests. Many fungal typeska@wvn respiratory irritats with potential links to
chronic sinusitisThe most significant find was blue pigment particles in abundance
throughout the Halifax population, and some Manchester individuals, whidt strongly
indicate food and drink adulteration with Prussiarelpigment idenfied via visual
propertiesAlthough many microparticles were too damaged for secure identification, a
great variety oflebris was observed in larger concentrations than has been observed in

human dental calculus to date.
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Chapter 6: Dat&nalysis and Debris by Assemblage

As all the individuals selected for this study had varying amounts of calculus, it was therefore
not feasible to rely solely on the raw counts of microdebris, rather, it was deemed appropriate
to calculate particles per higram of calculus as in the manner of Radini (2016) and Leonard

et al (2015), both of which analyse microfossils in large populations in order to tease out
dietary and environmental trends. One of the major sources of information which is unknown

is thetime each calculus deposit took to form in each individual and if earlier deposits had
been lost and reformed or if it had accumulated over a lifetime. Calculus forms at different
rates from person to person, due to a number of factors which are nairfdéystood at the

time of writing (Dipika et al 2017; de Almeida et al 2008; Lieverse 1999). Therefore,
calculating particles per milligram (ppmg), in the manner of Radini (2016) and Leonard et al.
(2015), should in theory allow for a meaningful comparidmetween individuals and
populations. However, this method works best when calculus samples are of agsiamitéty;,

as the samples used here were not, presenting new challenges for statistical analyses. This is
not to say that very small samples do r@teal interesting results in their own right, it is
perhaps revealing that even the smallest samples reveal far greater amounts of debris than

those from earlier time periods as will be seen.
Overall Patterns dDebris in Halifax and ManchestBopulatians

One of the major differences in the microdebris analysed from thevmmieval and the

medieval dental calculus studies is the overall abundance of microdebris observed in post
medieval samples. Particles per milligram (ppmg) of calculus and raw aufudébris are

very high with very different major groups. Large amounts of plant tissue have been observed

in earlier populationsd calculus (c.f. Crist
the Halifax and Manchester populations fungal arasyspores dominate, along with a new

category of debr blue minerad not seen before in such high levaisb{e 9). With these

new and larger quantities of microdebris, various data analysis techniques have been
employed to connect and place debris typikin the frameworks of dieenvironmentand

overall health.
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Percentage of Total Finds per Population for Major Debris Types

Halifax % n Manchester % n
Plant Tissue 42 33015 83 8255
Fungal Remains 21 16080 6 594
Yeast Spores 16 12907 4 382
Blue Mineral Particles 3 2642 1 36
Wood Fragments 3 2690 1 103
Starch granules 2 1823 0.5 55
All Other Debris 13 9272 4.5 555
Total 100 78,429 100 9,980

Table9 Most common microremain finds represented as a total of all finds per sample population. These numbers
are represented as raw counts, before calculation by parts per milligram of calculus, as for the analyses below.

Below, figure 40 shows the distributionf all major debris typologies listed rable 9 above
observed in the Halifax population, given in logarithmic scale to better visualise debris types
as many of the overall debris for individuals were too small to display against the outliers
which havefar greater amounts if debris. Most striking were several individuals who have
very large quantities of debris recorded per milligram of calculus (individuals 27, 40, 126 and
133) as outliers to the rest of the group, which skew the overall results. Hpgeweral
debris trends are still evident. For example, the distribution of plant tissue (PT figueel,

40) is constant across all individuals, and wood particles (WD in green) are also constant for
all individuals. Individuals 27 and 40 demonstraightfungal and yeast counts (orange and
yellow respectively) which may give an indication of housing or food quality or -socio
economic status in the population which will be further addressed in the discussion.
Furthermore, yeast (yellow) may be indicatofeincreasingly severe periodontal disease in
those individuals with high abundance, although this was not demonstrated by the correlation
regression performed for presence/absencedbie 13).
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Halifax: Dstribution of Major Debris Categories by Individual
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Figure 40 Logarithmic scaledtacked bar chart displaying the distribution of means of major debris categories
per individual (SK#) in the Halifax Group. Data Key: ST (blue) = starch, PT (red) = plant tissue, WD (green)
wood particles, FG (orange) = fungal spores, YS (yellow) = ygases, BM (turquoise) = blue mineral particles.

This display required scaling to visualize those individuals with vanishingly small amounts of debris entrapped in
their calculus (presented in ppmg).

Figure 41 below for the Manchester population shows eweore robustly how single
categories of debris are dominant across the population. Tremendous amounts of plant tissue
(PT shown in red) were observed in all individuals in contrast with blue mineral particles (BM
shown in turquoise) only detected in a fevales. It is uncertain why plant tissue (primarily
undiagnostic single cellgjlominatedn the Manchester population, yet it may indicate diets

with a greater abundance of fresh vegetables or herbs, which when processed through cooking
and boiling seen irthe experimental techniqueseg chapter 4) resemble much of the
observed plant tissue. Wood debris, whilst not as profuse as in the Halifax group, is still well
represented, as are fungal and yeast spores. In both groups, starch continues to represent a
small portion of recorded microdebris, although the st&ypbsobserved favour more import
species than domestic cereal crops in the Manchester group. In the next section, debris types
will be looked at in greater detail. It should be stressed herentttigiduals with calculus
samples below 1mg have greatly distorted and inflated microdebris amounts due to the method
of calculating by parts per milligram (raw count divided by number of milligrams of calculus).
Perhaps these individuals should have beeluded from all statistical analyses because they

are falsely inflatedbut due to the random nature of calculus debris capture, | believe that
important trends in debris types would have been lost, additionally the fact that calculus
research uses nonpanetric (not normally distributed) datasets, many statistical tests are not
suitable in any case. Belotable 10) is displayed raw counts of major debris categories with

their adjusted ppmg amounts for individuals with samples less than 1mg for botls,group
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followed bytable 11 with outliers, to clarify that this method of calculation is possibly flawed
for studies using variable sample amounts of calculus, unlike that used by Radini (2016)

originally.
Manchester: Distribution of Major Debris Categories by Individual
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Figure 41 Logarithmic scaled stacked bar chart displaying the distribution of means of major debris categories
per individual (SK#) in the Manchester group. Data Key: ST (blue) = starch, PT (red) = plant tissue, WD (green)
wood particles, FG (orange) = fungal spateY'S (yellow) = yeast spores, BM (turquoise) = blue mineral particles.
This display required scaling to visualize those individuals with vanishingly small amounts of debris entrapped in
their calculus. Ppmg
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Plant Tissue Blue Mineral Fungal Spores
SK # Sex  Sample (mg) ppmg n ppmg n ppmeg n
4.07 M 0.09 1577.78 142 0 0 0 0
3.44 U 0.08 1262.5 101 0 0 50 4
5.27 U 0.08 3900 312 0 0 12.5 1
4.49 M 0.07 2985.71 209 0 0 0 0
62.02 F 0.07 3128.57 219 0 0 0 0
2.08 U 0.05 820 41 0 0 100 5
3.24 F 0.05 1760 88 0 0 0 0
18 M 0.02 8450 169 850 17 0 0
2.37 M 0.02 4950 99 100 2 0 0
12 M 0.01 22000 220 1500 15 500 5
44 F 0.01 5300 53 0 0 0 0
2.27 F 0.01 15300 153 0 0 0 0
61.05 M 0.01 84500 845 0 0 0 0
Halifax: PPMG versus Raw Particle Counts
Plant tissue Blue Mineral Fungal Spores
SK# Sex  Sample (mg) ppmg n ppmg n ppmg  observed
57 F 0.54 24.07 3%6 31.48 17 12.96 7
27 M 0.28 57.14 400 0 0 457.14 128
34 M 0.22 0 0 0 0 0 0
133 M 0.05 840 182 0 0 0 0

Table10 Summary of paicles per milligram of calculus adjusted particle counts with corresponding raw particle
col umn.
(and possibly those below 2mg?) falsely inflatefih& count of particles observed in the dissolved calculus. It

count

S,
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right
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ppmg

Thi s

may be feasible to eliminate, or calculate differently, samples which do not meet a predetermined sample weight

(of 1mg or more) when performing statistical analyses across a population.

Halifax and Manchester Total

Debris Outliers

Group SK# mg
HSC 27 0.28
40 2.86

MCS 2.08 0.05
3.44 0.08

12 0.01

37 4.2

Table 11 Outliers for both Halifax and Manchester groups with the highest number of total particle counts

(ppmg) with their corresponding calculus sample sizes in the whole population. Note that only HSC 40 and MCS

37 may be true outrs as they both provided sample weights of greater than 1mg.

Further to the problem of sample size variation, and the difficulties posed by very small
calculus sample size as showrTable 11 above, can be illustrated by listing the largest and

smallestalculus samples (in mg) for both Halifax and Manchester. Halifax skeleton 88 (older

male) provided the largest calculus sample in a single chunk at 45.6mg, whereas the smallest

is from skeleton 133 (adult male) with only 0.05mg chunk of calculus; Mamchsstleton

2.15 (older female) yielded a single chunk of 15.40mg of calculus and skeletons 12, 44, 2.27
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and 61.05 (2 older males and 2 older females) all yielded 0.01mg of calculus as a single fleck
each. As laid out in the methods section, it is vitadissolve and analyse calculus in single
flecks or chunks in order to rule out modern contaminants: all finds could be deemed genuinely
ancient because of their observation trapped within calculus and because of stringent cleaning
of the outer surface undmicroscopy before dissolution in hydrochloric acid. None of this is

to say that very small calculus samples do not yield valid results. On the contrary, it
demonstrates that even in very tiny samples, valuable information about environmental and
dietarydebris are present, if not in vast quantities, in the population. Observation of novel
debris types, such as blue mineral, are still important when looking at a population as a whole
in which a large proportion of individuals are consuming something sisdtden treated with

blue pigment. The fact that blue minerals presentacross all ages and sexes indicates a
significant trend in the population which cannot be associated with occupation or craft
activities: it would not be realistic to assume thhthad affected individuals were working at

the same job.
Mean versus Median: Skewed Debris?

Looking further into the significance of outliers in the two populations, the mean and median
scores for the major debris categories have been plotted forHaditax and Manchester
(tables 2 & 13 below). This reveals that the mean score, for starch for example, is 19.2874
particles per milligram of calculus but the median score is 0.26 for all individuals in the
Halifax group. It seems clear that the outliare so large as to be skewing average scores
significantly higher to what they should be if the outliers were removed. This skewness makes
meaningful statistical analyses difficult or questionable if the outliers are removed, as they
potentially indicate ifferent activities or methods of debris capture in their dental calculus
that differs from much of the population. Therefore, inclusion of outliers should render the

statistical significance of any conclusions tentative at best.

Halifax: Statistics of Major Debris Groups

ST PT WD FG YS BM
N Valid 47 47 47 47 47 47
Missing 0 0 0 0 0 0
Mean 19.2874 271.0915 30.0845 71.2809 93.1370 10.3553
Median .2600 55.2700 3.4500 .6300 3.9900 .2100
Std. Deviation 84.96598 660.40681 104.88759 363.39458 344.47425 44.63398
Sum 906.51 12741.30 1413.97 3350.20 4377.44 486.70

Table12 Note the difference between the Mean and the Median. The mean appears to be greatly inflated due to
the outliers and possibly as an effect of small calculus sample size as stated above. Data key: ST = starch, PT =
plant tissue, WD = wood particles, FG arfgal spores, YS = yeast spores, BM = blue mineral particles.
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Manchester: Statistics of Major Debris Groups

ST PT WD FG YS BM
N Valid 36 36 36 36 36 36
Missing 0 0 0 0 0 0
Mean 31.4581 4369.9950 18.1283 21.1756 9.4425 68.0664
Median .0300 85.4600 .3100 .4000 .1600 .0000
Std. Deviation 136.30666 14478.32235 59.22090 84.41840 24.27484 283.63512
Sum 1132.49 157319.82 652.62 762.32 339.93 2450.39

Table13The difference in Mean and Median counts of debris is distorted in the same way as Halifax (above)
where the mean is possibly falsely inflated due to small calculus sample size. Data key: ST = starch, PT = plant
tissue, WD = wood particles, FG = fungal®spes, YS = yeast spores, BM = blue mineral particles.

Now thatthe main study groups of Halifax and Manchester have been explored, we can now

move on to comparison of the pasedieval samples with the medieval population of St

Pet er 68450) il L2iddder, made available for comparison by Anita Radini from her

thesis (2016). There were found to be many differences in the types and abundance of debris
from medieval to posiedieval time periods, however, only two debris categories could be
compared diretly with statistics: Fungal and wood debris. In depth discussion of debris

bet ween the three groups of Hal i f ax, Manche

discussion sections presently.
Fungal Comparison

When comparing fungal debris between atkethpopulations, it becomes obvious that the
amounts of fungal debris observed in Halifax and Manchester is several orders of magnitude

hi gher t h figure &fseeRlsdppendixs.3f¢r raw and ppmg counts). This in an
interesting phenomenon lecise t he average calculus sampl
28.7mg) is much higher than Halifax (mean 10.7mg) and Manchester (mean 3.8mg).
Consideringthe outliers (discussed above) there is significantly more fungal debris being
captured in postnedieval @ nt a | calculus than 300 years e
Manchester shows the highest fungal counts, especially in males, but with twodatfiats,
whereas Halifax appears to have greater amou
outlier figure 42) . St utese(BRSE ¥erston 25, 2017) results show that there is a
significant di f ference blés0)vardethe twm podbiedievah | St
populations of Halifax (177#1837) and Manchester (178840) of p = .000 at 95%

confidence level, but no difference between Halifax and Manchester themgetvd85 and

.141 respectively).
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Comparison of Fungal Debris between Halifax, Manchester and St Peter's
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Figure 42 Logarithmic scale. Comparison with outliers, ppmg. Unsexed individuals have been removed for
comparison with St Peterod6s which only has known mal es

Looking closely at the sepafigetdd)itispopsibletmt i ons b
see more clearly how fungal debris is distributed throughout the populations. Unsexed
individuals were only used in the comparisons of Halifax and Manchester against each other

(St Peterdéds only used known males sxed f emal
individuals have proven interesting because they represent higher proportions of fungal debris

than the sexed individuals in both groufigures 43 & 44). This difference could be due to

poor burial preservation and fragmentation, but couldths als esul t from a &ép«
Could this indicate that these individuals were of low status and therefore exposed to elevated
environmental contaminants like fungus? Many of the unsexed individuals are juveniles which

also raises questions about childhstatus. It should be stressed that, in general, fungal debris

was far greater for males and females in Halifax and Manchester than 300 years earlier in St

Peter 6s. Thi s, and similar topics, wi | | be d
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Halifax: Simple Boxplot of Fungal Spores by Sex
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Figure 43 Halifax: Simple box plot showing fungal distribution by sex with outlie®xi¥ scale is logarithmic

Manchester: Simple Boxplot of Fungal Spores by Sex
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Figure 44 Manchester: Simple box plot of fungal spores by sexi¥is logarithmic.

We can se¢hat the fungal debris outliers in the Halifax and Manchester groups contain far
greater amounts of debris than the mean for the sexes in the popUigtioes(43 & 44),
although those in the Manchester group may have more to do with falsely inflated dae

to small sample size, discussed above. Unsexed individuals in both Halifax and Manchester
have greater fungal spore abundance than males and females, which could potentially indicate
lower status (in life and in burial) than known sex individweiéch were, presumably, better
preserved skeletally. However, the sample group from Halifax contained more juveniles than
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either of the comparative groups (cannot be reliably sexed skeletally), which raises questions
about why juveniles should have abund@amgal debris trapped in their calculus than adults:
what were they eating and where were they living?

St Peter's: Simple Boxplot of Fungal Spores by Sex
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Figured5St Pet er 0s: si mpl e b o xaxipid lagarithmi€. Ndteuhe geayllow sumbersefs by s ¢
spores cmpared to Halifax and Manchester.

A

Moving on to the St Peterds medi eval cal cul
individuals, but the abundance is clearly far less than that chpedieval provenancéigure

44) . The St P egalsporé sountis el lzelgve 0.5fspores per individual (both

males and females), whereas in Halifax it is about 5 spores in females and 0.5 spores for males
(unsexed have 3 spores per individual but mu
which did not have unsexed individuals a part of the study). Manchester have relatively the
same median score f or frfiguteds, buathedealfdifeneacklees as S
in the abundance of some individuals (especially the outliers) who hayeefder counts of

fungal debris (particularly unsexed individuals) than anything recorded during medieval

times. Surely this must indicate a change in housing and/or food storage (spoilage) over the
intervening 300 years. It must also be pointed outtha&t e ar e outl i ers witht
population, but that none of them indicate greater than two fungal spores present in their dental

calculus samples, far fewer than either Halifax or Manchester.

Wood Comparison

Observed wood debris entrapped in hurdental calculus has proved interesting for two
reasons: 1) in the pestedieval sample groups, nearly every individual contained some wood

fragments, unlike the medieval sample group; and 2) the abundance of wood fragments was
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greater by several orders mfagnitude in the poshedieval groups than the medieval group
(figure 46). In all three groups, males have a greater profusion of wood particles than females,
but unsexed individuals (again only the postdieval groups) have the greatest amount.
Manchester had fewer wood particles overall than Halifax, in all sexes, which may indicate a
difference in environment. Frustratinglyfests performed did not reveal any statistically

significant differences between the three sample groups, which seeddsawith the graph

below.
Comparison of Wood Debris between Halifax, Manchester and St Peter's
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Figure 46 All three test groups showing degrees of magnitude of wood debris.
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St Peter's: Wood Particles by Sex
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Figured7Bar chart showing how few wood parti p(@esshanwmer e r ecc
0.1 particles) and only in the males. There were no wood patrticles observed in female calculus samples for this
site (Radini 2016).

Wood debris can be more clearly shown in the chart aldfmped 47) which shows the ten

males who exhibited vwaml debris trapped in their calculus, and that no females had any wood
particles. The reason for the failedest could be that theroportion of wood particles in

males and females is similar. Belofig(ire 49) is shown the average proportion of wood
paricles for males, females and unsexed individuals in the Halifax and Manchester groups
clearly demonstrating that males have a greater abundance of wood debris than females, with
unsexed individuals having fewer particles this time. It is interesting thstinedieval
females have such an abundance of wood debris which may point toward females working
most often with males in either the same role or at least in the same place of work where wood
particles were floating around airborne to be breathed in.cthill also be evidence of the
scale of building projects in Halifax and Manchester as they were both growing in scale at the
time these individuals lived and there is strong evidence that many houses (of varying quality)
were being constructed at the tiitargreaves 1999; Kidd 2002).
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Halifax and Manchester: Clustered Bar Mean of Wood Particles by Sex.
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Figure 48 Halifax and Manchester wood particles by sex, shown in logarithmic scale for ease of viewing smaller
debris amounts.

Starch Comparison

Starch granules were found in masdividuals in both posiedieval populations, although

due to the extent of damage to the granules, identification of species was precluded in many
casesThere are differences in the abundance and distribution of starch granules in various
age groups (dld, adult and old adult) as well as between the sexes (including unsexed
individuals this time). Halifax has been visualised twice because of the abundance of starch
observed in juvenilesfiQure 49), which can potentially indicate that children were give
different (or cheaper?) food to the adults in Halifax at least. Adult starch granule capture in
dental calculus is very similar in both populations but there is a slight lessening of starch
captured in the calculus of older individuals for Halifax. T¢osild be due to fewer teeth in

older Halifax individuals, softer foods which starch is too easily broken down by salivary
amylase, or they were often eating soups which did not require chewing. Both Manchester and
Halifax older (46+ yearsld) individualshave fewer starch granules per milligram of calculus
than the adultfigure 50).
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Halifax:Starch Counts by Age
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Figure 49 Halifax starch counts by age, shown separately from Manchester because Manchester does not have
children as part of the dataset. It can be clearly seen that children (under 170Jéphsve the greatest abundance
of starch granules in this population.

Halifax and Manchester: Starch Counts by Age Group
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Figure 50 Halifax and Manchester starch granule counts by age group. Adults clearly have more starch
observed than older (46+ yeaadd) individuals. No children under 16 yeawkl were included in the
Manchester dataset.

Below (igure 51) the chart showing starch granule counts by sex indicates unsexed
individuals (probably mostly children) in the Halifax group have the greatest starch
abundance. Females clearly have the lowest starch counts in both populations, with Halifax
maleshaving fewer starch granules observed than Manchester males. This could indicate a
difference in food distribution by sex, with males and any children having more-btsetl
foods and females going without in the poorer households at least, or thait fieral@les and
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children ate different food. This could also be the result of different amylase salivary content

of the sexes, but this seems unlikely.

Halifax and Manchester: Starch Counts by Sex
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Figure 51 Halifax and Manchester starch counts by sex.

Blue Mineral Comparison

Blue mineral was only observed in the posdieval populations of Halifax and
Manchester; therefore, the medieval St Peter
was an interesting finding which, because of its abundance in the Halifax popwiatson,

suspected of being linked to adulteration. Belgufe 52) is shown a grouped bar chart

which shows blue mineral distribution by sex for both populations, indicating that

Manchester females did not have blue mineral fragments trapped in theiusaldoiever,

the great abundance of blue mineral shown in the Manchester males is perhaps false due to

small calculus sample size (below 1mg) which can be more clearly sAppéndix 5.2

which gives both the parts per milligram (ppmg) and raw counlifordividuals. This

chart only gives the mean count for all individuals which means that it is skewed too high

because of the outliers.



Halifax and Manchester: Clustered Bar Mean of Blue Mineral Particles by Sex
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Figure 52 Comparison of Blue Mineral fragments by sex, log scale, ppmg.
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Figure 53 shows the average blue mineral count for adult and old adult groups for Halifax
and Manchester. This chart shows that Manchester (males only) have greater blue mineral
content than Hlifax, but this is likely due to small calculus sample size (below 1mg)
inflating the number of particles. Halifax (all sexes) appear to have greater blue mineral
occurrence in older adults (46+ yeatd). T-tests did not show a significant difference

between the Manchester and Halifax populations.

Halifax and Manchester:Blue Mineral Counts by Age
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Figure 53 Blue mineral counts by age, both groups, log scale ppmg.

Patterns of Significant Debris Types in the Main Populations

The major debris groups observed in Halifax and Mariehegere analysed with Pearson 1

and 2tailed correlation regression at the 0.05 and 0.01 confidence levels, highlighting which
debris variables were correlated to each other as well as pathologies. Presence/absence was
chosen for this analysis becausahpéogies were not recorded with a scale of severity.
Patterns of debris in relation to sex and age cohorts were also performed. All statistical

analyses were made using IBM SPSS Statistics for Windows, Version 25.0 (2017).

Halifax

Correlation (2tailed) | P-value Confidence Level | R-value
BM/ST 0.025 .05 .326
BM/FG 0.000 .01 421
CO/WD 0.001 .01 575
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DEH/CAR 0.000 .01 .643
SIN/FG 0.030 .05 .318
ST/SW 0.002 .01 445
ST/IFG 0.005 .01 402
YS/ST 0.026 .05 325
Manchester

CAR/FG 0.010 .01 -.426
SIN/ST 0.041 .05 -.342
ST/SW 0.046 .05 .355
YS/ST 0.006 .01 447

Tablel14 Correlations from 2tailed Pearson correlation test for Halifax and Manchester. Data key: BM = blue
mineral, ST = starch, FG = fungal spores, CO = cribra orbitalia, WD = wood patrticles, DEH = dental enamel
hypoplasia, CAR = caries, SIN = maxillary sintisi SW = soft wood, YS = yeast spores. This was calculated
based on presence/absence only.

As plotted inTable 14 for the Halifax group above, there are several correlations, both
negative and positive, which require explanation. Biueeral particles are correlated with
starch (p = 0.025, 95% confidence) and increasingly strongly with fungal spores (p = 0.000,
99% confidence) which can potentially link high starch (bread) consumption with food or
drink adulteration (blue mineral) with insanitary living conditions or insanitary and mouldy
foods. Fungaspores are also associated with stgpch 0.005, 99% confidentghich may
contribute to the conclusion that at least some of these Halifax individuals were consuming
spoilt starch products. Cribra orbitalia is strongly correlated with wood partrke$.001,

99% confidence) which may indicate types of work perfminby the poor as indicated by
signs of malnourishment (Cribra orbitalia has been associated witHefament anaemia and
intestinal parasite infestation). In terms of general health findings, dental emgmelasia
(DEHS record of childhood physicatresses) is correlated with caries which can be looked

at in two ways: 1) bodily upset such as disease or starvation cause irregular and weak enamel
to form thereby causing susceptibility to caries formation, and 2) deprived households in the
postmedievalera were heavily dependent on stabeised foods for sustenance which has
been shown to increase caries incidence (Moynihan 2005; Humphrey et al 2014). Maxillary
sinusitis is weakly correlated with fungal spores (p = 0.030, 95% confidence) which is not
surprising. Several species of fungus emit mycotoxins which cause allergic and chronic

respiratory conditions (Marin et al 2013; Lopez et al 2016) often observed as bony changes in
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the maxillary sinuses in dry bone when they are visible (for full pathologyparison see
Appendix 6).

There were fewer correlations with the Manchester debris and in a slightly different
arrangement. Caries were strongly correlated with fungal spores (p = 0.010, 99% confidence)
which could only suggest possible spoilt starch potslsimilar to above. Another confusing
correlation exists between maxillary sinusitis and starch (p = 0.041, 95% confidence) and
softwood and starch (p = 0.046, 95% confidence) for which explanations are elusive. The only
possible explanation for softwdgarticles and starch could be adulteration of starch products
with softwood dust as a bulking agent, as stated by Hassall (1855) for breads and drinking
chocolate. Yeast was also correlated with starch which may seems obvious as yeast is a
leavening agerfor bread. However, it cannot be confirmed that the large quantities of yeast
observed in the Manchester dental calculi&ischaromyces cerevisibGeb r e wer 6 s yeast
not Candida albicangresponsible for thrush infections and an opportunistic pathofe
periodontal disease).

Summary oDataAnalysis

This chaptedeals with statistical analyses, as far as they were valid, to explore the relation of
various debris categories, pathology, sex and age, across populations and across different time
periods Also dealt with are the challenges posed by small calculus sample skewing of
observed versus actual particle counts. Major debris categories are compared, with
comparison from medieval to the pasedieval periods demonstratiegponentiaincreases

in particle concentraticsfor all debris, and fungal and wood debris in particular. Blue mineral
particles are novel to the peasiedieval period apart frora single example dipis lazuli
observed in the dental calculus of a medieval female scribe (Radini2€t19). Correlation
regression was used to examine possible related debris and pathologies, which may help

resolve small sample biaBhese challenges will be fully addressed inftl®wing chapters.
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Chapter7: Discussion Part 1, Methodological Giterations

One of the major ambitions of this thesis is to explore how dietary and living conditions, when
compared to earlier medieval time periods, were changing during the industrial revolution (ca.
17007 1850) in the north of England. It has alredmBen proven that dental calculus is a
valuable archaeological resource (Metcalf et al. 2014; Mtariet al. 2014; Hardy et al. 2016;

Mackie et al. 2017), preserving microremains entering and incorporated into the oral
environment during the lifetimes ofdividuals experiencing this changing world. Although

both the Halifax and Manchester populations are from the same time pefidd gly 19
centuries), wunlike the founding study by Rad
in Leiceste (12001450), the variables (microdebris) were calculated in the same way
(particles per milligram of calculus) to ensure direct comparison and track changes in diet,

technology and lived environments.
The discussion will be divided into the following raafopics over the next three chapters:

1. Methodological considerations of undiagnostic versus unidentified material,
taphonomy and preservation, and the wider problems of-pmaity investigations of
past lifeways.

2. How microdebris can shed light gostmedieval life by identifying diet and food
adulteration, food trade networks, lived environments (houses and workplaces) and
whether socigeconomic status can be ascertained from microdebris alone.

3. The role of osteobiographies of past peoples, howanébris can augment this and
identify potential health problems, and comparison of the two techniques and how

they compare between the two study populations.

The sole method of research of the microdebris of human dental calculus for this thesis was
visual by means of optical microscopy and aided by written and visual guides, online
resources, and a custom built reference collection. It was hoped that additional methods of
identification of microremains, such as proteomics, would be utilized, howéwes,
constraints for learning this method were prohibitive. Additionally, FTIR (Fotnéesform
infrared spectroscopy) was attempted at the British Museum, but sadly the particles were too
small to detect (Joanne Dyer pers. comm. 2019). Hence, biortasleamd chemical analyses

are proposed after the discussion as strong future directions for the investigation of these

collections of posmedieval human dental calculus.

Undiagnostic Material

When examining highly fragmented and minute ancient particles, there are bound to be
difficulties in the proper identification of this microdebris. It should be stated that the average

particle size of debris which is inqmrated into human dental calculus is not visible to the
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naked eye because of the following reasons: 1) dietary particles have first been chewed,
cooked or processed (in most cases), and exposed to digestive enzymes in saliva before
entrapment in soft deat plaque prior to calcification; 2) environmental debris must be of
small enough size (<100em) in order to becom
settled on food, the face or the hands before entering the oral environment; 3) extra
masticatoy manipulation of objects with the teeth such as textile fibres, wood, hides or pipes
held between the teeth may shed tiny particles into the mouth. Some microremains have been
extensively researched and are easily identified, such as pollen and starmglegy(Moss

1976; Bagnell 1975), but others are less so, especially in the context of dental calculus. Plant
material, including parts of seeds, skin and fibrous tissue typically require larger pieces or
intact seed husks for identification (Radp@rsoral comment Environmental and human
caused taphonomic changes to the particles may work to reduce the likelihood of secure
identification, and therefore increase the breadth of investigation necessary to attempt

classification.

In this dissertation (asinh e mi cr oscopy field more broadly)
be confused with édunidentifiedd, the first r
particular type due to their fragmentargture orpoor preservation, the second due te th

limits of the reference collection and comparison, where an identification maybe possible in

the future. A great deal of comparison between similar microdebris and visual identification
guides must be consulted before it can be concluded that theteeisough material present

in order to determine a secure identification, but sufficient to state that we know that it must
belong to a certain class of debris, such as plant or mineral for example. Damaged starch
granules are an excellent example of tlisduse we know what starch is meant to look like:

round, crystalline structures with extinction crosses in eposarized light. However, when

starch is subjected to heat and moisture, the granules become bloated and diagnostic features
are obliterated. enry, Hudson and Piperno (2009) presented visually the ways in which starch

is damaged when exposed to various cooking and processing techniques. The longer and more
vigorous the cooking, the less recognizable individual starch species become. It bagm@lso
suggested that starch incurs hamayascetkpeage S
in the saliva and the action of soil bacteria in the burial environment long before they are
excavated and examined (Collins & Copeland 2011). Much of the obds&tareh granules in

this study were too damaged for secure ident
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Figure 54: (left to right): softwood particle recovered from human dental calculus, illustration showing
concentric essels and pits in softwood (Greenish 1910, 51); pits within the medullary rays in pine wood
(Greenish 1910, 72).

The identification of plant microdebris was also difficult due to the small size of the particles.
Wood fragments were particularly fine (<200 e m) and the only type tF
identified was softwood variety because of characteristic pits present on some of the particles
(figure 54). This clue was the only evidence that these were patrticles of dust from coniferous
trees, although #y were too small to confirm to species level. Various cut directions and the
structure of the wood tissues were consulted in order to arrive at a rather simple conclusion:
this was wood dust. Vegetable matter proved to be equally as difficult to idestifys been
demonstrated in the sectiavutlining boiling and grinding of vegetable matter. When
fragments of tougher outer husks and skins are observed, these too must be compared with all
manner of similar species. Below are two examples of plant gartisked testa and tuber

skin) which can be identified as to group, but not to specific spdigases 55 & 56).

It has been said that with the introduction of French cooking techniques and vegetable imports
from Europe, no one quite knew what to @ith them and so they resorted to boiling
(Flandarin 2000). Only the very wealthy could afford to employ a genuine French chef,
leaving everyone else struggling to master new cooking methods for meat such as fricassee
(reviving flavour) and pureeing and-ferming vegetable pulp into fantastic shapes. There is

no way to know this for certain, but recipe books from the maidateeighteenth century do
recommend boiling and stewing vegetables as well as meats before the final sauté or roasting
(Glasse 1747)The distinction between vegetable types does not seem to bear any concern as
cucumbers were just as likely to enter a soup as were carrots, boiled over several hours, before
being 6pul pedd through a hair sievdoksHammon
advise against boiling vegetables too long to preserve their crispness (Farley 1792). Preserving
seems to have been more prolonged with many fruits and vegetables being boiled in syrup
over several weeks before being stored in jars for later udketlée al. 1780). Unusually,
vegetables such as cabbage, carrots and potatoes were softened and used in sweet puddings as

were grain imports like millet (Poaceae family) and sdgetfoxylen sagy(Farley 1792).
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Henry, Hudson and Piperno (2009) demonsttahe damage to starch grains with lengthy
boiling; in this study, in order to observe the effects on vegetables under the same conditions,
various samples were boiled for increasing lengths of time (30, 60 and 90 minutes) and then
crushed in a mortar. Thexperiment revealed that after just 30 minutes, all vegetable samples
were indistinguishable from each other. Some original recipes were also experimented with,
such as cucumber ragout (Grigson 1974, 64): sliced cucumbers stewed in white wine, chicken
stock, butter and flour to thicken, which resulted in a bland slurry which perhaps would not
be suited to todaybs tastes. Many of t he me
although dredging joints in flour and boiling them for long periods befmasting or frying

might seem a little unusual, as well as in the fancier recipes which include an extra step of
pounding and forcing through a sieve before reshaping (Kellet et al. 1780). With this level of
refining, it would seem unlikely that individuaégetables would be observable in the dental

calculus, but there were rare instances where tiny fragments of the tougher outer husks or skins

were present.

Figure 55(left to right): probable tuber skin recovered from human dera&ulus, illustration of reticulated
vessels in the parenchyma of a beet (Winton 1906, 417), illustration of reticulated vessels within the parenchyma
of a turnip (Winton 1906, 419), cork layer where starch is stored of a potato (Winton 1906, 414).

Figure 55 above shows a larger fragment of probable tuber skin entrapped in calculus (far
left) which was compared to several types of reticulated vessels from all tubers which might
have been consumed. The identification proved extremely difficult as rédidwassels are

similar across species and in a degraded state within the calculus. | cannot confirm whether
this is the parenchymal layer of a beet, turnip, carrot or potato with confidence and therefore
must be loosely identified to generalities, butenttise undiagnostic as to species. A more
successful attempt at identification was performed on theprederved seed testa (outer
husk) of a probable poppy seed (Papaveraceae family). The seed testa was identified because
of the di st i npatternof the obtér ekim elyich dedubtidon is demonstrated from

left to right infigure 56 below. Numerous other seed testas of culinary and medicinal seeds
as well as crop weed contaminants were compared, but with the ubiquity of wild poppies
(Papaveraceatamily) and pinks Dianthus plumarius widespread use of opium and its
derivatives, as well as poppy seeds as a popular seasoning in addition to the testa patterning,
it was deemed to label this pstentiallypoppy without additional biomolecular comfiation

techniques.
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Figure 56(left to right): seed testa (probably Papaver family) recovered from human dental calculus, illustration
of opium with seed capsules (Clayton 1909, 307), illustration of poppy seeds (Winton 190&0@28%apsule
and seed illustration (Clayton 1909, 304).

The industrial revolution was also a time of technological advancement in cheaper food
refining methods and the rise of food retailing in cities and towns. Flour milling and
adulteration have remad a favourite topic of food historians and contemporary authors
throughout the long eighteenth century. Technical innovation for milling finer, whiter flour
cheaply involved new methods for separating the elements of wheat kernels such as bran
(Tann & Joms 1996). Cheap imports of American wheat flooded the market as it required
twice the amount of water for breadmal@nmaking it cheaper for bakers to dsand also
required innovative milling technologies to crush the much harder American wheat with
traditional stone milling, the roller mill would not be adopted commercially on its own for
another hundred years (Hammond 1816; Tann & Jones 1996, 67). Furthermore, the recent
work of Zupancich et al. (2019) have shown that stone mdlipgrticularly with stone
quern$ preserves a greater abundance of the starch granules within the amyloplast (energy
storage organs of plants) detectable with optical microscopy, quite unlike the damaged starch
remains in the posnedieval samples. The adulterations of flour incigdbearmeal, chalk

and alum were well known at the time and methods of detecting them were published in
scientific publications (Accum 1820; Alexander 1856) as well as cookery books (Farley 1792,
438). Recipes for improving the nutriment of depletedrflonead begin to appear toward the

end of the eighteenth century suggesting the addition oftmited rice for texture or adding

back some of the bran for added nutrients (Hammond 1816, 161). With this level of industrial
refinement of cereals, it woulekplain why so many of the starch granules observed in the
Manchester and Halifax dental calculus were undiagnostic, having been so processed that
identifiable features were lost. With some crpstarized luminescence of extinction crosses

still visible it was possible to say the granules observed were starch, but nothing beyond that.

The Adulteration Conundrum

Dangers regarding the food retail market are noted throughout historical treatises on food
microscopy and cookery books. With this level of evidence, it was expected that there should

be some visible elements preserved in human dental calculus whichsupplatt this claim,

and this does seem to be the case. Preserved food appears to have been the most tampered

with Farley (1792, 432) warns, stating that pickles are made with poisonous ingredients and
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should be made at home. He also warns against usimgicepssels in food preparation as

Verdigris, a known poison, leaches into the food; this toxic effect is hotly contested by other
cookery authors (Kellet et al. 1780, 94) who
purpose of making preserves anbestvegetable dishes more attractive. Microscopists of the

day present extensive lists of adulterations and concoctions regardingefiiteal food and

ingredients for mimicking foods, primarily concerned with purchased food items and some

raw ingredientaused in home cooking (Hassall 1855; Wintor®8;9Accum 1820; Clayton

1909; Greenish 1910). This surely demonstrates the widespread problem of adulteration and

the duration before it was properly addressed by legislation. By means of this, it was not
surpising to observe large quantities of coloured material incorporated into the dental calculus

samples examined in this study.

Blue pigment crystals were the most striking microremain which was observed in nearly every
Halifax individual, but not as frequéy or to such concentrations in the Manchester group.
Blue pigment is rare in the natural environment and highly prized. Examples include lapis
lazuli, indigo and Verdigris which occur naturally, and the mmade pigments such as
Prussian blue. Numerousulk pigment crystals were examined which now form part of the
custom built reference collection for this study and compared with descriptions of visual
properties on the ancient material and microscopical descriptions given by researchers of the
time. Thevisual properties which best matched the ancient samples were for Prussian blue
(figure 57 below) because of the fracture pattern of the flakes, their lack ofdimemsional

shape (like lapis lazuli), their invisibility on crepslarized light, and theleep consistent
colour throughout the particles which is resistant to the action of hydrochloric acid and
sunlight (see Eastaugh et al. 2004b, 113; Hassall 1855, 304). This is not a definitive
identification, however, as further chemical detection tearasqgvould need to be employed

and must consequently be labelled as potential Prussian blue as far as microscopy and visual
analyses are concerned. This being a microsbaggd study, any additional analytical

techniques will be listed and discussed iretisn on further directions.

4

Figure 57(left to right): archaeological blue pigment trapped in human dental calculus, Halifax group; modern
reference collection fragment of lapis lazuli (Radini reference collection); moderremefercollection (the
authoroés) of Prussian blue pigment made to the tradit:.i
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Diagnostic and Unidentified Plant Tissue

Very few diagnostic plant tissues were observed in the Halifax and Manchester dental
calculus, but why should this be? One exyaition is that in order to become trapped in dental
calculus, debris must be very small @ e m di amet er ) . This is of
di agnostic features of plant materi al whi ch
too big for incorporabn into dental calculus as it would simply fall away from the plaque
(Radini personal communicatignMinute, undiagnostic plant tissue particles were found in
abundance throughout both populations, as was also the case with theSArgto and
Medieval ppulations examined by Radini (2016, 194), which tell us that these individuals
were eating vegetables, although we cannot securely say what kind. However, Radini (2016,
1189) recovered cereal bran from the Triticeae tribe, corncockle epidefmisstemra

githagog and leek leaf particleg\{lium sp). These together suggest that people in the middle
ages were eating a much less refined and unprocessed diet of whole grains, including their
weeds, and more lightly cooked greens than-pusdieval urban popations. Boiling and
grinding experiments performed on several common vegetables and herbs by the author
demonstrate that most cooked and chewed plants will look the same even after brief
processing. Other studies which incorporated biomolecular analyeesalle to securely
identify vegetable matter from the Brassicacgabbage) family (Wanner et a 2014; Hendy

et al. 2018). Many of the observed starch granules were disappointingly damaged which could
indicate a very refined diet. These findings anesistent with historical records and cookery
books which describe prolonged cooking of vegetables (Farley 1792) and the preference of all
classes for refined white bread (Accum 1820).

T —

Figure 58 Ancient and modern examples of identifiable cereal parts not observed in th@quiietal dental
calculus (from Radini 2016)Ac er e a | bran husk recovered frodn the St
corncockle husk (scale bar 50 em). Magnification 400x.

The few botanical fragments which could be identified were seed testas (outer shell) and tuber
skin. The seed testa observed could potentially be that of the peaps\ersp.) family which
includes both drugs and culinary seed uses. It has been suggastédstcould represent the

use of laudanum (an opium and alcohol preparation) although no experimental work has been
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done to investigate whether seed parts remain in the final solution. Tubers are the underground
storage organs of plants, many of whiale adible, such as potatoes, carrots and turnips
(Winton 1909). The outer dermal layers (cork layer) of these tubers are all very similar in
small particles so that secure identification is not possible without further biomolecular
analyses. It is notabl&at there were no potato starches observed in either population so this
may at least rule out one tuber species. Potatoes were not widely consumed in the north of
England because of their association with impoverished diets and lack of nutrition (White
2000, 171). The social stigma of potatoes was felt well into tHec2atury in England and

was omitted from feasts and cookery books as an unworthy celebratory food item (Farley
1972, 202; Mason 2000, 249).

Noteworthy due to its absence ate/toliths and pollen grains. These two microremains along
with starch are the most utilized environmental particles in human dental calculus research
(Hardy et al. 2016; Afons¥argas et al. 2015). There was only one Halifax individual whose
calculus cordined pollen, which suggests that these individuals were not using honey and
were well away from forested areas (Radini, Nikita & Shillito 2016). There was also only a
single phytolith associated with soil which further indicates that no one was prodessing

or materials as was the case in earlier populations (Fox, Juan & Albert 1996). Could this tell
us that the diet during the Industrial Revolution was a highly processed one at the time of
purchase? It would be useful in future to investigate largeations of human dental
calculus from posmedieval England to test the hypothesis of urthamrllers consuming
highly refined and processed diets; for this, many more individuals will need to be examined

than were available for this study.

Food Processm

An important aspect of this PhD project is the state of preservation of food debris recovered
from human dental calculus in the posédieval period, in particular starch and vegetable
matter, was in a much worse state of preservation than that dedaripeteding periods.
Whilst it has been taken into consideration that diagenesis can alter starch grains, material
examined from the middle ages (Radini 1015, 2016; Gismondi et al. 2018) is clearly better
preserved than that observed in the present ptpnt under study (Radirmpersonal
comment In addition to starch granules entrapped in medieval human dental calculus, a
variety of other parts of crops and their weeds were recovered which were not present in any
of the postmedieval calculus from Haéix or Manchester, such as grain chaff, bran,
phytoliths, cereal weeds (e.g. corncockle, dock), and pollen granulefig(see58 above).
Moreover, many of the starch granules were greatly damaged prior to incorporation into the

forming calculus. An exantg of this is evidence from medieval Italian human dental calculus
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reported by Gismondi and agorkers (2018) who describe excellent preservation of easily
identifiable starch granules with abundant phytoliths, plant fibres and pollen, indicating that

thes individuals were much closer to food (cereal in particular) processing than were those
living in industrial urban settings. This is also true of the microdebris recovered from the
medi eval St Peterds popul ati onarigoRiatdigstudy 2016 )

| believe that this would be a good place to address the current controversy regarding starch
preservation in ancient contexts. It has been suggested that interpretation by archaeologists of
evidence of cereal cooking in past soegtis represented by damaged starch granules, either
recovered from soil samples or more likely observed in dental calculus (Henry et al. 2011)
from the deep past. This has been contested by Collins and Copeland (2011) and recently by
Mercader et al. (2038vho suggest that what looks like starch gelatinization from cooking
processes, may actually be the result of water absorption by starch over hundreds or thousands
of years in temperate conditions which can potentially snow cooking damage: loss of
birefringence, cracking and bloating. This is a serious concern about the possibly mistaken
interpretation of cooking practices in the past, and therefore, in the current study, comparison
with ancient dental calculus reports will be limited to within the lasttbousand years.

The main comparison with the Halifax and Ma
medi eval St Peterédés population (Radi n4 2016)
1450) to my sample groups (~170A840 inclusivé andshoud therefore be unaffected by
diagenetic starch changes concerned with collections dating to thousands of years in the
human past suggested by Collins and Copeland (2011). Additionally, Radini (2015
unpublished report for Pif€onstruct Archaeological Seods Ltd.) observed extremely well

preserved starch granules in dental calculus dating to"thed centuries AD at Southwell

Minster, Nottinghamshire, which suggests that starch and plant material from only 350 years

in the past should be unaffectedrfr natural taphonomic processes. What damage there is can

thus be attributed to cereal processing and cooking damage to the recovered starch granules
and potentially recordable changes in food processing technologies practiced during the

industrial revoluibn in England.

Further evidence that cereal staples were heavily processed iff'thedl8Y centuries is the
complete absence of intact amyloplasts still retaining starch granules, as those recovered by
Cristiani et al. (2016) from the calculus of Méthic foragers in the Balkans and also by
Buckley et al. (204) in preagrarian Sudan. Experimental work performed by Zuparetic

al. (2019) in grinding cereals with stone implements continues to preserve starch amyloplasts

in the resulting flour. Theres therefore a record of watireserved starch granules in pre
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agrarian and agrarian societies thousands of years old which precludes any suggestion of
diagenetic changes in pasiedieval starch granule recovery from human dental calculus.

In this comparison, data from Neanderthal calculus or within the deep human evolutionary
past have been excluded deliberately, as the status of preservation may be due to diagenetic
processes (Collins and Copeland 2011), and the integrity of starch granulesfoatudlus

for such ancient material is currently a debate in the field (Copeland and Hardy 2018). It
should be clear, though, that starch granules can be preserved in dental calculus for long
periods of time, but some level of diagenesis must not bd nuealtogether. It should be
pointed out here that some of the starch recovered fromnpedieval calculus is in a far
worse state of preservation than that recovered from Palaeolithic dental calculus (Hardy,
Buckley and Copeland 2018). Having considdie evidence from this study and contrasted
with that of preceding periods of time, excluding those where diagenetic processes cast doubt
on preservation, | will now discuss additional potential biases and confounding variables
encountered in this analgs

Potential for Data Biases

There were several potential biases in the data collected which will be discussed in this section.
As has been discussed in earlier sections, calculus forms at different rates in different
individuals, but always faster on taémmediately adjacent to the major salivary glands, such

as the lingual side of the lower incisors next to thelsgual gland and the buccal side of the
maxillary molars adjacent to the parotid glands. Saliva bathes soft plaque in dissolved minerals
essential for calcification, with roughened, hard tartar surfaces giving enébdtfor new

plague calcification in a cycle of accumulation. The texture of calculus ranges from a thin
coating to layered deposits (clearly distinguishable under microsampy)gor ous and
deposits which easily fracture and detach from the tooth, other than this calculus is firmly
attached to the enamel surface and extremely difficult to remove. It is impossible to know how
many times a calculus deposit has broken avedgrmed and in which order of teeth this has
occurred; multiple timelines and events may be recorded in the same mouth many times over
a long period of time. Moreover, skeletons which do not present with calculus at all does not
mean that their dentitioduring life was completely free of calculus deposits; as in the study

of coprolites and latrines, the absence of calculus (or filth) does not mean that it was absent

during life, rather that it was lost prior to examination.

Similarly, large or small callus deposits may not suggest better or worse dental hygiene for
the reasons listed above. Furthermore, as mentioned in the Data Analysis (Chapter 6) it is
suspected that calculating particles of debris per milligram of calculus, may for the smaller

depods (flecks vs. chunks) the adjusted microdebris counts may have been inflated. In

of
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Radini6s (2016) thesis on dent al calcul us de
calculus samples were all of a similar size and weight (large ~40mg) makiag¢aisonable

method for comparing debris across populations and in different time periods. Uniformity of
sample size was not possible with the Halifax and Manchester populations because of the need

to acquire sufficient numbers of individuals to compheettvo groups to each other and with

the medieval Leicester popul ation from St P
difficult question of whether those with smaller calculus fleck (and greater debris counts) were
actually exposed to greateramantof 6dust 6 or i f their calcul
appearghat they were. Regardless of this discrepancy of deposit size, when both Halifax and
Manchester populations are taken together, there is clearly greater debris exposure in the post
medeval period than in the medieval period (both raw and adjusted debris counts), particularly

of debris classed as contaminants such as fungal spores, yeast, and artificial colourants.

There may be several hypotheses as to why the overall abundance detmisrancreased to

such a large extentinthe poste d i e v al period versus the medi
Leicester (Radini 2016). More densely populated urban centres in towns may be to blame for
increased dust exposure, with the constant flopeaiple and goods in the streets. Increased
trade and industry during the eighteenth century could very well have produced increased dust
pollution, as has been mentioned in studies of-pwstieval urban cases of maxillary sinusitis

(c.f. Boocock, Robertsand Manchester 1995; Lewis, Roberts and Manchester 1995).
Additionally, towns such as Manchester were undergoing rapid expansion which would entalil
vast building works (exposure to more wood dust?) resulting in taller buildings and narrower
streets, whictsome blame for the increase in vitamin D (i.e. sunlight) deficiencies observed
in postmedieval urban children (Lewis 2002; Douglas, Hodgeson and Lawson 2002). Food
and groceries, particularly exotic imports, were transported farther and potentiallyfetored
longer periods which may increase susceptibility to fungal infestation (Stobart 2012).
Moreover, crops which were harvested during wet weather may have also fallen prey to fungal
blight, perhaps not visible with the naked eye, which has been shdwarbitmur certain fungal
speciesd spores (Navi et aclal 11e9d9 94)4,e 6w(ieclhé cceo
i 19" centuries) which purportedly caused numerous crop failures throughout the eighteenth
century (Michaelowa 2001, 6). Wet weather rabsp be implicated for the higher fungal spore
counts in the Halifax individuals compared with Manchester, in addition to all food and
groceries transported by pabkrse into Halifax as direct canal routes did not exist until the
third decade of the niteenth century making the bringing in of goods slow and expensive
(Hanson 1920, 222). All of the above potential biases must be carefully considered when

interpreting data gathered from dental calculus research, however, many hypotheses may yet
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remain uncafirmed and elusive due to the variable nature of calculus formation and debris

capture.

Multiproxy Analyses

Calculus analysis, much like sediment and soil micromorphology, is by its very nature
multiproxy in that it deals with many different types of delbaken from a single context and

often used together to answer overarching questions such as those about ancient diet and
health. Fortunately, calculus analysis is performed by a single researcher so that the data
collection is likely to be comparablerass categories. Unfortunately, the single researcher is
likely to have to have extensive knowledge on a number of different disciplines, such as fungal
morphology, palynology, archaeobotany at the cellular level, and micromorphology of soils.

It would theefore be beneficial to conduct calculus research in a team environment, but as
this is not always feasible, with access to expert advice and guidance. Multiproxy
investigations are used more and more often in archaeology as new analytic technigues

becomeavailable with some of the successes and pitfalls described below.

To begin with, Birks and Birks (2006, 288 list four major biases which should be eschewed

in any multiproxy investigation:

1) To avoid the assumption that one proxy is more informativel@ble than another.

2) To avoid Oreinforcement syndromed where
favoured paradigm (numerical techniques help the data to speak for itself).

3) To avoid population bias which is sometimes seen as the only good result.

4) And to avmpliidt tbidmg&@ by using only one prox
aspect of the site/sample and not others.

The temptation to fall into any of the above traps is at times enormous, as when dealing with
environmental and dietary dustiised by the researcher to infer various behaviours, dietary
trends, and occupational or craft activities. King and Henderson (20173 ,i23heir study of

11" to 16" century urban York, have attempted to link disease causes with skeletal evidence
through nonspecific disease markers (cribra orbitalia, porotic hyperostosis, periostitis) and
possible dietary and parasitic causes (investigating latrine soil), maxillary sinusitis with
historical accounts of industrial smoke pollution, and through zoopatigsites and human
diseasd although they admit that it is not possible to make definitive statements without
confirmation by biomolecular analyses. A major stumbling block to latrine soil analysis is that
we cannot learn anything about human demograhacge, sex, population numbérsvhich

may cloud or skew assumptions about dietary patterns (Reinhard and Bryant 1992, 267). More
targeted approaches to parasite investigations of past populations involve gathering burial soil
from the abdominal area of skedas which can be analysidn a similar manner to dental

calculus and coprolitésto search for intestinal parasites or food remains, both as microdebris
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and biomarkers, although King and Henderson (2014, 27) lament that this is practiced far too
seldomly inthe United Kingdom. During the 1960s, coprolite analysis was gaining popularity

in the archaeological community; Heizer and Napton (1969, 567) state that coprolites are the
Obestd6 way to study ancient diet, esaletarhough
debris was limited to hardy elements like bone, hair, fish scales, and seeds. An important bias
here is that coprolites are restricted to dry climates and conditions (e.g. caves in the American
southwest), where only parasites adapted to dmyatés are represented, obscuring those

adapted to more wet climates (Horne 1985, 306).

Taphonomy and Preservation

The preservation of the graves in the Halifax Square Chapel was variable although most were
described by the excavators as moderately tolyppoeserved; the exception to this were the
sixteen brickined inhumations which contained some of the best preserved skeletons and
coffins at the site, however, they do state that preservation was variable regardless of grave
type (earthcut or bricklined) (WYAS 2016, 146). Many burials were fragmented due to grave
intercutting and disturbance by new burials above in the stacks and the possibility of seasonal
water table alterations, which in some instances badly degraded the bones, regardless of coffin
material or brickining of the burial shaft (WYAS 2016, 148). Water damage is to be
expected in the wet Pennine climate, which was also encountered by the second excavations
conducted the following year on the remainder of the burial ground to bedlé&essex
Archaeology (2017, 40) observed that deeper remains/coffins were in a worse state of
preservation than the shallower ones, although some of the upper stack inhumations were
missing their skeletons completely possibly, they surmise, becapasdiaf grave clearances

in the 1970s, resulting in generally poorly preserved and fragmented remains.

Manchester Cross Street, conversely, presented moderate to good preservation throughout the

site for clearance, with all 241 individuals recovered ifikef{wood or lead) in family stacks

k

similar to Hali f ax, and -vleagys multyh tdlee me d c aw

Archaeology 2017, 5). However, some areas were heavily damaged, beginning with road
widening in 1845, where the burials were left itu stheir gravestones laid flat over them,
which was intended as a protection (CFA Archaeology 2017, 54). Subsequent utilities work
caused significant intercutting and intrusion damaged coffins and fragmented/commingled the
affected skeletons; further daged was caused by™6entury drains, utilities cables, road
signage and lighting columns driven into the ground and the uppermost burials, not only
causing significant fragmentation, but also causing surface damage to the bones through water
exposure, ame of which did not survive the lifting process (CFA Archaeology 2012216

& 54-8).
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Damage and fragmentation cause difficulties in the assessment of the skeleton and biological
features, but it should not affect the preservation of dental calculub@nudrodebris there
entombed. Regardless of skeletal preservation, dental calculus still adheres to a tooth which
has become detached from the skull and can therefore still provide useful information on the
environmental and dietary elements experiengethé individual to which it belongs. With

the rigorous cleaning procedures outlined in the methods section, there is little danger of
modern or grawsoil contamination to the inner matrix of the calculus, outlined at length in
previous sections on calad formation. It has already been stated that starch granules
recovered from medieval human dental calculus were in a better state of preservation than
many recovered from the two paste di e v a | popul ationsd cal cul
indicate that &rch damage was incurred during cereal processing and/or cooking methods
and potent i amnyjlage dgdstomin galivaobaforélincorporation into the dental
calculus. Damage caused by utilities works and groundwater penetration seem to heagk affec

all styles of burial, although many of the briiked burials were, at least in the middle
sections, better preserved than those in eartlgraves. It may therefore be hasty to assume

that grave and skeletal preservation can serve as an indidegmei®@economic status (except

brickl i ned) as many i ndivi dual s-Glassmatefial, designwe r e
and embellishment (Wessex Archaeology 2017; WYAS 2016).

Wider Problems within t e g r MuttiiPm @ xDgtéasets

Multiproxy investgations are no doubt a useful way to approach archaeological
investigations, particularly now with evgreater variety and sensitivity of new analytical

techniques. These multiproxy (and in some

linesofevi dence used simultaneously to address

complete characterisation of archaeological material and relationships between different
material types (Shillito 2017, 23®. However, a major setback occurs when different
researchers working on different proxies (with insufficient communication) find it difficult to

combine, compare and publish their findings as a whole unless they have been working

together in a small group or under the direction of a single lead invesligato wn er s hi p 6

data and specifics often cause friction between various investigative teams (Shillito 2017,
248), hence it is rare to have all the various data published as a single paper, rather multiple
papers are published separately, diminishingit#h of the analysis. Even when multiproxy
investigations do go smoothly, there is often too much data to easily assimilate into one
publication (Birks and Birks 2006, 238). It is essential to ensure that all the various methods
of enquiry are conductedhd recorded in a way that allows them to be easily compared, such
as numerical scoring, as differing methods may mean that data cannot be easily compared

(Shillito 2017, 252). This has proved a major hinderance with age categorisation in the skeletal
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asserblages used in this study as the various researchers used differing categories and
groupings, such as dividing sw@ldults into too many age categories, most of which did not
match up easily, resulting in more general groupings (child, adult, old adulbef@resent

thesis. This has proved a challenge also with skeletal and dental pathology measurements,
despite the publication of national guidelines in both North America (Buikstra and Ubelaker
1994) and Great Britain (Mitchell and Brickley 2017) to preendarity and consensus.

Presumption

There are a number of presumptions about the past which may come to the fore in archaeology,
and particularly postedieval archaeology because of the wealth of written material and
descriptions about the time or aredoich may unduly influence interpretations by the

researcher. Connelly (2011, 68Y makes the case that archaeologists should be wary of

preconceptions based on historical narrat.i
point featobeesd unppet hed in Yor kos Hung
inadequate in other larger cities, but in fact were the local solution to implement sanitary
measures dealing with narrowed sewer pipes and restricted watersugplghould be
cautiouswithlabels uch as 6ésubstandard6é or O6sl umd wh
It is also tempting to |l abel an area as O0c
does not indicate that oOfiltho widencefaiked er t
to be preserved for archaeologists to find (Hall and Kenward 1989, 115).

In another study on grave offering pot residues stable isotopes compared with bone collagen,
Oras and colleagues (2018.-8passumed that the grave offering of foodha pots would
mirror dietary composition during |ife of
population, however, they were unable to distinguish whether the pots, which had been in use
for some time before inclusion with the burials, cordgdinesidues from one or many cooking
events, even when samples were taken from multiple areas within the pots. In a similar study,
Goude et al . (2020, 108) suggest that in
1992), comparing isotopes froomme and dentin samples, bone

levels during periods of stress; yet there in no clear understanding of isotopic fractionation
and collageriurnover under normal conditions to decipher this complex process. They go on
to say thait is difficult to discern cultural factors (traditions) in a bioarchaeological context,
such as weaning strategies, and it is tempting to overlay these with outside circumstances such
as famines or poverty (Goude et al. 2020, 108). These examplestpdiveg dangers of
assumption when dealing with past populations because of both an imperfect understanding
of some biological processes and the inability to uncover all cultural processes which either

may not preserve or are not included in the writtetohjs
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Furthermore, it is not possible to know exactly how people in the past used or sourced every
resource. Hall and Kenward (1989, 113) in their analyses of latrines in Roman and medieval
York, were unable to determine where the main water supply camedr how potable it

was, whether water was drunk from rivers, wells, cisterns and whether these were polluted
with human and animal waste. When they discovered grain weevils, they were unable to
determine the source (human or animal food), whereas hugotapaeasites (fleas, lice)
discovered in and around homes are much better indicators of human tliseasession

(Hall and Kenward 1989, 114). | suspect that evidence for human consumption of infested
grain may be better revealed via dental calculussiiyations as this is a better indication of
direct consumption or processing. Microanalysis of any material (calculus, coprolites) is
always by its very nature going to be multiproxy, as are residues comprising microfaunal,
botanical, and lithic residueShillito 2017, 242) which all fall under the umbrella of

environment al 6dustd (Radini 2016) .

Summary of the Analyses

In this first discussion chapter, several challenges and biases have been addressed. First, much
discussion has been given to the challenfeindiagnostic material, which differs from
unidentified, encompassing most of the plant microdebris observed in dental calculus in both
the Halifax and Manchester groups, which in future would be greatly helped with the addition

of proteomics which habeen demonstrated to identify plant materials which cannot be
observed with microscopy alone (e.g. Hendy et al. 2018; Warinner et al. 2014). | hypothesise
that undiagnostic dietary debris may be the result of heavily processed/cooked food, for which
thereis ample evidence of cooking techniques such as lengthy boiling, sieving and mashing
of various foods in period cookbooks suchvisdern Domestic Cooke(§L816) by Elizabeth
Hammond and he Art of Cookery Made Plain and Egqdy47) by Hannah Glasse, both o

which may have been used in middlass households.

Given the urban settings for both study populations, | have suggested that it is likely that these
people may have purchased-packaged flour or professionally baked bread which may have
been adultexted, shown in heavily damaged starch granules and clusters of Triticeae (wheat)
starch clumped together with legume starch, soil and fungal spores which may also be
indicative of long distance trade networks and storage practices. The period of 1730 to 18
witnessed grain shortages and price increases resulting in bread riots all over the north of
England: 1790s £2.402.90 (in modern prices per quarter of grain), 1795 £4.50, 1800 £5.65,
1802 £5.95, and finally in 1803 prices reduced to £B#&bdnfield 1998, 20) which may have

been a factor in adulteration and/or selling even flour that was infested with mould. It was also

during this time that charitable flour and bread societies, many of which were in Yorkshire,



162

which undercut millers and bakers whene suspected of withholding supplies, selling
outside communities and adulterating with China clay since the 1720s (Bamfield 1998, 16

In such troubled times, the absence of evidence for potatoes (starch) is surprising, although
this may also indicatat none of the individuals examined were so poor as to have consumed
famine foods, which potatoes were considered (Mason 2000, 206).

It should be reiterated here too that calculus studies are essentially multiproxy in their nature,
as are coprolite, aremt latrine, and many osteological studies. The best calculus analyses are
teamdriven, incorporating the expertise of many areas of research to glean the most
information from all the evidence discovered, such as plant, animal, insect and parasitic
microdebris which can all work together to form a cohesive snapshot of ancient experiences.
For example, in their mulproxy investigation of Romaara peoples osteobiographies,
Baldoni et al. (2019,-11) used skeletal stress markers (labour division), stal®n and
nitrogen isotopes (diet over time), sulphur isotopes (migration), lipid analysis on pottery
cooking vessels (discrete diet and medicinal use), skeletal height (overall nutrition) and
compared this population with other coeval populations ig ttabain a better understanding

of how this population fitted in with the wider population in Roreaa Italy. | believe | have
addressed the key issues of bias and presumption in this research project, such as small sample
bias, variable calculus samp#ize, and the current lacuna of comparable -pwsdieval
calculus studies to date. Taphonomic processes, while affecting skeletal condition through
climate, water table fluctuations and utilities groundworks disturbance had little to do with
sociceconomicstatus, did not affect the integrity of the contents of the sampled dental
calculus for reasons already listed earlier in the thesisc@lculusintegrity). With all these
limitations in mind, | will now move on to discuss insights into living condgiodiet,
morbidity and mortality, using contemporary skeletal evidence for comparison to the Halifax

and Manchester populations.

Chapter8: Discussion Part 2, Microdebris and Rbdieval

Life

Having discussed the first striking group of results, a sefindohg is clearly very different

from earlier time periods: the problem of food adulteration and a decline in the quality of the
average diet during the industrial revolution. Normal, everydag items are used in various
industrial contexts (such awaize and potato stardh the clothfinishing industry) and
seeming notiood items are regularly incorporated into fpedch as Prussian blue pigment

and wood shavingsThis creates a major hidle in assumptions made about the context of
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groups of microdebris, which had been relatively straight forward in earlier time periods, such
as during the middle ages. A prime example of this is the (allegedly) common practice of
incorporating floor sweepgs in preground pepper sold in shops (Accum 1820; Hassab;185
Alexander 1856). This problem would clearly affect those living in urban settings more often
as they may have had to rely on more prepared food items, such asgagesand pre
cooked iems, in contrast to those living in rural settings who would have prepared these foods
themselvegCox 2000, 42; de Vries 1993 this chapter, microdebris will be looked at as a
material culture of food and industry. Certain food itesisch asstarch,may be used
differently whether they are domestic staple crops or cheap import species. Adulteration,
particularly of tea, will be discussed, including whether adulterated food and drink can be used
as a proxy for socioeconomic status. So too will sketatdldental pathologies be examined
considering the extent to which they can be used to determine social status and/or health in
the study populations. Finally, the Manchester and Halifax populations will be compared and
contrasted for their microdebrismtent and skeletal pathologies in order to place them, in the

next chapter, within the wider context of the industrial revolution.

Diet and AdulterationFood as Material Culture

One of the major contemporary topics in discussions on food availabilitpam settings is

the problem of food adulteration or outright fakery. Several books, newspaper articles, and
leaflets were written at the time which detail investigations, accusations, and methods of
detection of counterfeit food and drink (Greenish 1¥1@yton 1909; Accum 1820; Hassall

1855). This presents a majdnallenge tan the interpretations of observed microremains in
human dental calculus, where seeming environmental debris may have been ingested as part
of food. This section will analyse andrsider the various connections and ways that non

food items may have been incorporated into the food chain.

Curiously, in this study starch is closely associated with adulteration, in multiple species
observed together (wheat and bean together with fuapgaés) in substandard bread, and the
frequent occurrence of maize starch with Prussian blue pigment pafiziesh has been the
hallmark of dietary reconstructions from debris in human dental calculus from past societies
(Wang et al. 2016; Mickleburgh PaganJimenez 2012; Henry & Piperno 2008). However,

as Leonard et al. (2015) discovered in their investigation of Twe hunter gatherers with known
starchbased diets, starch captured in dental calculus may not represent the total of starchy
foods consun Although starchiich foods potentially could leave huge quantities of starch

in the oral cavity, actual numbers of starch grains captured in the dental plague vary for reasons

that are not currently well understood (Mitra Dipika et al. 2017; Lieverd®; I&istiani et al.
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2016). Therefore, starch remains should be viewed as populational trends rather than the
composition of the diet of the individual.

Two types of starch were most often observed in the Halifax and Manchester populations:
Triticeaetribe of cereal plants consisting of wheat, rye and barleyZaadnaiz€lndian corn)

which is a C4 grass imported from the Americas known for its high starch content among
other domestic cultigens (Wilson et al. 2004; Leonard et al. 20t#fizeae cerealshave a

long history of cultivation in the United Kingdom (Burnett & Burnett 2013) and wheat and
barley bread are known staple foods, and therefore not a surprisingZadmaize
alternatively, was not a staple food but was used in many industries lamtén 18 century,

most importantly as a stabilizer for pigments (Eastaugh et al. 2004a Z&@9naizestarch
granules were found almost exclusively in the presence of blue pigment crystals (see further
discussion of pigments belofigure 59.A).

Figure 59 A) Zea maize starch granule with attached blue pigment crystals, scale bar 10 microns (HSC 2); B)
Triticeae starch clump with small and large granules together and associated soil and dental calculus, scale bar
40 microngHSC 57). 400x magnification.

Triticeae starch is identified by the presence of both large and small granules, the likelihood
of the presence of each size is under genetic control in the endosperm of the grain as already
discussed in thehapter Xfigure 59). However, it was frequently observed in large, tightly
packed conglomerates with other types of starch, such as Faljagemee). Legumes were

not well favoured in the ¥8and 19' centuries as human food sources, rather they were used

in animal fed. Additionally, there are accounts of lentil flour being used to adulterate
supposed whediased health drinks and bread products (Alexander 1856). It was also known
that professional bakers would use a mixture ofwbeat flours to coat the breddardsof

loaves before baking (Greenish 1910) and bulking out genuine wheat flour with inferior bean
meals. Legumes have a very low visibility in the archaeological record (Radini 2016, 192) and

have been thought to have been grown in kitchen gardens in tkéeMides, but this would
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not have been possible in the crowded living conditions of the urban industrial boom towns
such as Manchester and Halifax.

Damaged starch granules made up a large portion of observed particles. It has been
demonstrated that diffent forms of cooking and processing (milling) can damage starch
granules beyond recognition (c.f. Henry, Hudson and Piperno 2009), although Leonard et al.
(2015, 454) suggests that steméling does not cause as much damage to starch granules as
was assumd. Further experimental stenalling methods conducted by Cristiani et al. (2016)

and Zupancich et al. (2019) which also did not indicate significant starch granule damage.
This leaves interpretation of the heavily damaged starch granules recoverddetdaiifax

and Manchester dental calculus that starch was either extremelgook#d (in the presence

of water) or that milling practices, even if they were stonéing, were far more thorough

and refined than those used in earlier time periods where and different parts of the wheat
glume were preserved (c.f. Radini 2016; Tann and Jones 1996). Boiling and gelatinization
have been shown to obliterate many of the identifiable features and this may be the case with
adding starchy substances to sougmjicesand pies (Henry, Hudson & Piperno 2009).
Perhaps also if starch granules were refined for commercial purposes, such as for the cloth
industry, where starch is extracted via fermentation (Peckham 1986, 23), this could potentially
damage identifialel features although this has not been explored experimentally in this study.
Most of the Halifax and Manchester individuals would have been living before the time of
roller flour mills (used commercially in the 1860s) and would have relied on traditional s

milled wheat flour (Tann & Jones 1996).

Figure 60 folding, tightly packed starch agglomeration observed in the calculus of HSC 126, an 8 year old child
who featured prominently in the results findings. Magnification 40@xJ/se bar 20 & m.
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Agglomerations of starch, which appears frequently in the Halifax and Manchester dental
calculus observed, have proved difficult to identify. These very large clumps do not conform
to those of oatAvena sativg which are small, rounded &lers, but are vast, tightly packed,
sometimes folding shapes with vesgnall, compressedranules which cannot be securely
identified figure 60). Through future experimental work with various cereal imports such as
sorghum and rice, these could potehtigirovide identification possibilities. It may be
surmised that damaged and/or tightly compressed starch formations indicate the consumption
of highly refined starchy foods, as in the observed agglomerations containing damaged bi
modal (Triticeae) starclse Starch clumps containing multiple species and potential
contaminants (wood articles, fungal spores) may indicate adulterated, or at the very least poor
quality, bread. Unhygienic urban bakeries were known, and presumed common, in the
nineteenth centuryyith reports of mice, insects and floor sweepings found in bought bread
(Freeman 1989, 78), but there is little evidence dhckhtury bakeries in Manchester and
Halifax. Overall, staple starch species (Triticeae and Fabaceae) are much more heavily
damaged than import species suclZzea maizevhich could potentially indicate that import
starch crops were not treated or usechingame way dietary versus industrial purpoges
despite both domestic and import starches being ingested.

Perhaps the real difference between the medieval andramlieval imported plant species

can be viewed in terms of cost. In the middle ages, impspiegs such as ginger and starchy

foods like rice were rare and consequently precious enough to be near exclusive to the elites

and only available to lower classes as medicines (Radini 2016, 208). Conversely, the import
species recorded in industrial reutibn calculus from greater than three hundred years later,

are used freely because they are cheap and not regarded as luRlaiodatin (2000, 438)

writes that in the 18/%9centuries poor food relief now consisted of potatoes (domestically

grown impat species) and imported American corn (maize) when the price of domestic
cereals rose rapidlyalso favoured by adulteratoys) cul mi nating in sever
throughout Yorkshire and Lancashire during the 1780s and 1790s when working people could
nolonger afford the bread they were used to (Singleton 1970, By e eighteenth century,

many import crop species were used freely because they were cheap, having benefitted from

the expansion of Empire and improved overseas trade. Additionally, drietbmaize was

cheap enough for food relief, it may also have been favoured by food adulterers. Indeed,
Hassall (1855, 295) states in his treatise c
this country are faced with a powder consisting of Ramsblue and sulphate of lime or
gypsumdé; and it is also known that pigments
All three have been observed together in the Halifax dental calculus: blue pigment particles,

non-plant material resembling pipday, andZea maizeype starch granules. Taken together,
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this is compelling evidence for adulterated tea and for direct evidence for tea drinking in a
population in general. Moreover, none of #ea maizestarch granules were not subjected to

the heavy pcessing and damage of the staple crops like wheat and barley (members of
Triticeae tribe) and could potentially have been used as-éoodnstarch for other purposes
such as that laid out above.

Tainted Tea

Most of the more expensive food impé@rtscluding (genuine) teasugarand spiced passed

through Manchester from the Liverpool ports before distribution throughout the north of
England (Scold 1992; Kidd 2002). Perhaps this afforded the Mancunians better access to
unadulterated tea, for example, uglithose in Halifax with an abundance of blue colourant

in their calculus? Hassall (1855, 283directly observed importers of Chinese tea bulking up
their merchandise on arrival with spent and damaged tea leaves in huge vats of Prussian blue,
gypsumandur meri ¢ (yellow) powder. The &époisoning
noticed by the early nineteenth century (Freeman 1989, 80). At variance wiimgdistval
treatment of luxury imports, trade guilds in the midatges maintained quality staards with

most mentions of punishable adulteration restricted to bieset, and shorweighing of

goods (Hart 1952). The absence of artificial colourants in medieval dental calculus has been
noted, and in reference to the case of tea, it was unknowngiiarktl until its first import in

1689 (Antman 2015, 5), excluding medieval people from being exposeettdorged tea.
Moreover, marmade blue colourants such as Prussian blue were not yet discovered in the
middle-ages and to date there is only a siriglgance of the expensive natural ultramarine
(lapis lazuli from Afghanistan) pigment discovered in human dental calculus (Radini et al.
2019). Reports of vivianite another blue crystal often found in archaeological setings
formed by the interaction ofan, phosphate and water (McGowan &adjnell2006; Maritan

and Mazzoli 2004) have been discounted on the basis that the visual properties do not resemble

those found in the Halifax dental calculus.
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Figure 61 Comparison of blue giments (reference collection)dAvivianite, BY woad, @ malachite, & lapis
lazuli, BOPr ussi an bl ue. Magni fication 400x, scale bar 20¢&gm.

o

Blue pigment particles were found abbundancén the Halifax calculus across all sexes and
ages. It was also found clogelssociated witdea maizestarch granulegigure 61), adhering

but not staining the granules, in many of the individuals. This is interesting in several ways.
Starch was used as a pigment substrate for many artificial colourants, particularly Prussian
blue (Eastaugh et al. 20)) the uses of which were many in thé"khd 19' centuries. A

recent publication on the discovery of lapis lazuli (natural ultramarine pigment) in the dental
calculus of a 112" century religious woman, presumably in the course of illuminating
manuscripts (Radini et al. 2019), is the first evidendalwé pigment incorporated in human
dental calculus. Lapis lazuli is obviously too expensive to have been used as an adulterant and
to be found in such a wide number of people. Therefore, the observed blue pigment particles
are more likely to be Prussiatub pigment which was widely and cheaply produced in
England at the time and has a wadicumented history of use by adulterers (Lotut 2018, 2

The eighteenth century method for producing Prussian blue consisted of dried blood (iron in
the blood reacts tproduce the blue colour), potash, and alum in boiling water (Welsh 1988,
59) which was a widespread practice by the 1730s (Lotut 2018, 12). Prussian blue, unlike
some of the other manufactured col ourants su
harmful in small doses and was occasionally prescribed for intoxication (Lotus 2019, 16).
Confirmation that this is indeed Prussian blue pigment seen in Halifax dental calculus can be
achieved in the future with the aid of Raman spectroscopy which casebldadiscern the
molecular fingerprints of Prussian blue in the same manner used to identify lapis lazuli
fragments found in the dental calculus of a medieval female scribe by Radini et al. (2019).
Notwithstanding, this remains at the time of writings tmly study which has identified direct
evidence of the ingestion of adulterants. This direct evidence compliments the historical
evidence of adulterant use, specifically Prussian blue;wimat starches in bread, and

widespread consumption of fungal ésted starchy foods. Therefore, dental calculus
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microscopy provides a method by which to analyse differential consumption or exposure to
adulterants by different members of society.

As Halifax had the greatest abundance of blue pigment particles (omhMeliechester males

had tiny amounts of blue pigment) we will concentrate on the correlations found in this group.
Blue mineral particles were weakly correlated with starch particles (p = .025, r = .326) with a
Pearson ailed correlation test, promptindpe conclusion that adulteration is occurring.
Nearly all blue pigment was observed on or around maize starch granules. With blue pigment
particles found over all age cohorts and both sexes (including unsexed adolescents) a plausible
explanation is adulteted tea (for full list of adulterants ségpendix 3). Blue mineral
fragments are alsmoderatelycorrelated with fungal spores in the Halifax group (p = .000, r
=.575) as starch is strongtyoderatelcorrelated with fungus (p = .005, r = .402) whichldou

further indicate reliance on cheap and probably dirty;doality food.

A

Figure62L e f t : Pl ant material with attached pigment particl
Right, blue mineral particles adheringtoZeea i ze type starch granules (HSC 202
magnification.

Coloured Vegetables and Medicines

Also observed were several plant tissue particles mixed with what appears to be clay particles
(possibly pipe clay?) with multiple bright pigmentdharing to themfigure 62). Some
particles have pink, purple, yellow and green on a single cluster of plant material which has
not been observed to date. This could potentially indicate evidence of coloured vegetable or
fruit preserves such as jam, or saming coloured sweets with a meal. There is no age
category that exclusively has these matiloured plant particles. There is evidence that
dodgy confectioners were using chemical colourants in comfits, preserves and cakes at the
time (Skuse 1883) folleing the growing craze for brightly coloured foods. Pickles had to be

as green as possible and jams as red (Wilson 2008), so it is possible that consumers had
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forgotten what natural products looked like if this was all that was available to them. Could

this also suggest that the urban people in Halifax and Manchester were relianinoadpre

and preserved foods? The possibility of home cooks and housewives were adulterating their
own food and preserves is not an impossibility. Virtually all recipes fotga&nd preserves

i st colourants such as cochi nealeighteenthégr een
century, and if, as is likely, the cook bought colourants from shops wanting to increase profits

by adulterating genuine goods, it is very likehatthhe evidence would be preserved in the

dental calculus. Moreover, a report by the Royal College of Physicians in Edinburgh (1838,

15) reports that many pharmaceuti cal prepar
which provides evermore opportuek for artificial colourants to enter the mouth of everyone

in a societyThis does indeed seem to be the case, as apart from a single instance of ultramarine
pigment (lapis lazuli) observed in medieval dental calculus (Radini et al.,28&9)resence

of artificial colourants trapped in calculus restricted to the late-pestieval period of the

eighteenth and nineteenth centuries provides direct evidence of the widespread exposure

(consumption) to colourants indicated in the historical record.

Spoilt ard Unhygienic Food

There are several types of microremains, when taken together could potentially indicate
adulteration of specific things. For example, starch, fungus, wood particles and clay can all be
associated with spoilt flour and adulterated breasfiah fungal species have been linked
with crop failure and famines and fré®eshing wheat is particularly vulnerable to fungal
attack (Richardson and Richardson 2015 in Radini 2016, 205). In times of famine, it might
have been that flour was kept argkd for longer periods and that spoilt flour may have been
sold on illegally to bakers. It could be that the fungal spores either originated as crop blight or
damp grain storage conditions, or that mould from the storage facilities themselves have
enteredhe flour prior to being sold offigure 63). In terms of adulterated baked goods, it has
been reported in several contemporary treatises (Greenish 1910; Hassall 1855) that wood dust,
clay, alum and other fillers were used to bulk out pure flour in breaxider to maximize
profits, especially when the price of corn was high during the years of3l7drl all of
England (Flandarin 2000, 352), 1785n Yorkshire (White 2000, 171) and again in 1&11

in Lancashire and Yorkshire (Collier 1964, 9). PerhagsHhigh incidence of wood dust
throughout both populations indicates adulterated food as it would not seem likely that all the
individuals would have been involved in wood working trades. The presence of mites, which
appeared in the dental calculus of thiedividuals (MSC 5 & 62, HSC 92) in both study
populations can also be viewed as evidence that food was being stored beyond normal
conditions or that storage facilities or containers were already infested with vermin. Mites

have been given increased attem recently in archaeological investigations as an indicator
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of food hygiene (c.f. Baker 2009; Denford 1978) as many species such as those of the order
Mesostigmatare associated with decaying organic matter (Schlevis 1990, 566).

Figure 63Fungal contaminated starchy food particle. Green arrow indicates partially fungal digested starch
granules, red arrow indicates fungal spore cluster (HSC 144). Magnified 400x, scale bar as shown, cross
polarized light

The presere of parasite ova and soil incorporated into human dental calculus has been
associated with poor food hygiene and changes in food storage practices (yeast and mould)
during the middleages by Radini (2016) possibly as a result of increasingly complex food
networks and trade. Parasite ova and nematodes are most likely the result of improper washing
the soil from vegetables before ingestion, the only exception would be parasite ova from
animal meat, such asrichuris which infects pork andraenia (human tapewrm) from
handling chamber pots (Fisher et al. 2007, 187). Food technology and processing inthe post
medieval period has already been addressed, and long distance transport of food and
flavouring commodities is established in the literature. Spoilagiewf during transport and
storage may account for some of the fungal spores associated with starch conglomerates as
seen abovefiure 63). It may be that canal warehouses, like the grocers warehouses which
still exist in Manchester, which were built withternal docks (the canals would run through

the building), acquired a problem with damp and mould which would surely have affected

stored goods (Taylor 2002, 1Q)is possible that increased exposure to fungal spores indicates
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insanitary housing, pooobdd hygiene, or contaminated purchased food. Stobart (2012, 28)
suggests that some grocers held on to spoiled food, such as spices stored without lids and
barrels of O6badé (spoilt?) figs I|isted in pr
foods were intended for sale, but they were not discarded, nonethizlesan dental calculus

microscopy has provided the first definitive evidence of a significant increase in exposure to
multiple types of fungus, parasites and their ova which has beeadthgiinferred from the

historical record. This increased exposure to fungus was ubiquitous throughout both the
Halifax and Manchester populatidgnsot confined to particular members of societgnd

therefore evidence of widespread change in either theiroements or lifestyles. This is a

unique finding obtained from calculus which compliments and enhances the archaeological

and historical narrative about the pastdieval period.

Lived EnvironmentFood and Food Storage

The natural and built environmerase dynamic places in which every movement and action

creates dust. Plants are detectable by hiowhe pollen, fragmented when eaten or used in

craft activities; clothing made from plant fibres create dust during manufacture and as they are

worn and begi to break down. Buildings and houses, as they are constructed and age with

use, release microscopic particles of their building fabric which join insect parts, skin cells,

soil and other microdebris to form house dust. This house dust is inhabited bgaojic

insects, fungi and bacteria which consume it and leave evidence of their passing: spores and
faecal material. Al this disintegration an
entering human mouths, incorporated into soft dental planddimally preserved in dental

calculus, creating a snapshot of the natural and built environments experienced by individuals

in the past.

Scant evidence of the natural environment, such as pollen, was recovered from the Halifax
and Manchester dental calas, which suggests that these urdolvellers had little exposure

to forestsmeadowspr honey, living in an almost completely built environment. This can at
least be confirmed for the Manchester individuals as the Cross Street burial register lists most
addresses squarely in the city centre. Residential addresses for Halifax Square Chapel were
not provided in the burial register, only general areas such as Skircoat, despite limited
evidence of exposure to forests and fields in their calculus. Hanson @324) has written

that most of the forests surrounding Halifax were cleared for animal (mostly sheep) grazing
by 1801 which may provide an additional clue to ek of pollen observed. This is very

di fferent from pol | en,lddhmedeval(h200460)saidyiwmchRa di n i
recorded several different arboreal and-admoreal pollen types which could be linked to

forest composition, cereal processing, wild herbs and flowers, and flax (linen) processing
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which are completely absent froimettwo postmedieval populations used here. Radini does
suggest that with the decline in arboreal pollen recorded toward the late medieval period,
deforestation was becoming more widespread, which should be considered as a possibility in
the vicinity of irdustrial townsThe sharp decline in all species of pollen in another example

of unigue evidence provided by dental calculus about the built environment where

documentation may be scarce.

There is also no real evidence for phytolithshe dental calcukwhich causes difficulty in
determining the types of plants used for food and crafts, but there is the second possibility that
the plants consumed in the two target regions did not support phytolith formation within the
plant tissues from silica rich ssi{fWesolowski et al. 2010, 1337). There is also a complete
lack of diatoms present in the Halifax and Manchester calculus which further suggests that
there was little use of fresh water sources containing algae (Dudgeon and Tromp 2014).
Furthermore, therés far less evidence (base line of zero) of charceadt, and smoke
inhalation in these two allegedly polluted industrial centres than was predicted at the beginning
of this study, indicating that either the smoke was not nearly as bad as has beerottibagh

the particles are too small to be observed with optical microscopy and would require more
sensitive analyses such as mass spectroscopy to detect. The lack of soot particles is in direct
contrast to medieval populations (Radini 2016; Radini e2@l6; Panhuysen et al. 1997)
which affected all studied individuals and was closely correlated with maxillary sinusitis. This
might also be explained by changes in fuel in the-pwdieval period, where preference was
given to cheaper local coal over ot@al and wood for both industrial production and
cooking/heating in the hom®¢uglas, Hodgson and Laws@002; KapSoon et al. 2004),

which may produce smaller particles not detectable with the methods used for this thesis.
These secalled alphamicron marticles (not detectable with optical microscopy) may be better

detected with biochemical analyses such asM&Cin future research.

A

Figure64 A, soot particles entrapped in human dental calculus (HSC 185), and B modern charcoal from reference
coll ection. Scal e bars 20¢m, 400x magni fication.
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Soot was present in a small number of individuals in both the Halifax and Manchester
populations. Many s spreads were isolated in discrete areas within the calculus perhaps due
to periodic or single events of exposure to smoke. If industrial towns are associated with heavy
air pollution from the smoke belching out of the many factories, then thereasehttdence

for it here. Where heavier deposits of soot appear, it could originate from eating burnt food,
sitting near candles, or smoking lanterns, or eating food which has settled fine burnt debris on

it. Soot deposits are not ubiquitous in either pajeand therefore cannot be equated with

air pollution which would have affected ever

(2016) medi eval popul ation of St Peter 6s
microcharcoal debris, potgally indicating poorly ventilated rooms with central hearths.
Another possibility for accumulations of burnt debris could be the use of carbon black writing
ink (figure 64 above) which was common in the eighteenth and nineteenth centuries (Murr
2009, 26%. Anyone who placed the nib of a pen in their mouth would have incorporated some
of the pigment into their calculus, much in the same manner of the religious woman who was
found with traces of ultramarine pigment in her calculus from medieval Germanyi(Bad

al. 2019). As for Halifax, Ann Lister wrote in the 1820s that Halifax had gone from a town
with clean air to one under a pall of smoke (Hargreaves 1999, 112). This may be an
exaggeration, whereas it is true that Halifax began converting-pasezrel mills to steam

after extreme draught in 1826, there were not so many that it would have blotted out the sun
(Hanson 1920, 239). Manchester was also keen to limit smoke pollution from industrial
manufacture through clean air legislation in the eightessnkury, however, it must be stated
that Manchester was better known as a commercial town selling finished wares of all kinds
out of warehouses (no smoke pollutipimcluding cotton which was the largest commodity,
until cotton manufacture reached its pesound 1815 (Barker 2004, 180). This also coincides
with the first steanpowered cotton mills in Manchester in the 1810s, although many of these
were confined to the new industrial area (with its own suburb) of Ancoats, well away from the
city centre (MdNeil 2000, 7), particularly the fashionable areas where the Cross Street
parishioners livedThe lack of air pollution (soot) is another unique insight provided by dental
calculus microscopy which is in opposition to written records and the accepted wvitsatom

manufacturing towns were smokibed, certainly warranting future investigation.

Ample environmental evidence, in this case, does exist in the examination of abundant fungal
debris incorporated in human dental calculus. Many morphotypes observedateer
potentially those associated with indoor damp conditidimsula, Chaetomium, Ulocladum
types; Gioulekas et al. 2004; Barron et al. 2003; Safdar 2003) and improperly stored cereals,
dried fruit and vegetableg\lternaria, Aspergillus, Nigrospora, Biparis, Rhizopiugypes;
Nardoni et al. 2005; Garrett et al. 1998; Wang et al. 2017), and crop blight caused by wet

n
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weather Bipolaris, Stemphyliurtypes; Gioulekas et al. 2004). There are several conclusions
which can be drawn from the above fungal evaderthat many were living in damp and
insanitary housing, food was being improperly stored either before sale or in the home, and
finally potential direct evidence for poor harvests as previously listed throughout the
eighteenth and early nineteenth ceiatsir Poor harvest conditions have been suggested by
similar fungal debri s obISOp denta dalculug during the St
medieval period Alternaria, Curvulariaand Fusarium) which indicate cereal crops being
harvested or grown in wet gditions (Radini 2016, 176). Even without secure fungal
identificatiord given the great number that resemble each other vigutily abundance of
fungal debris itself is surely evidence of living in, and eating food stored in, damp and

insanitary conditions

The two fungal debris outliers in the Halifgroupd one male and one femalare interesting

not only because of the fungal debris types, but also the other inclusions in their calculus. HSC
27 (an older male) was one of two individuals to have copiowsiats of fine red particles
throughout his calculusiijure 64). Red lead and other ledwhsed colourants have been
recorded as being added to confectionery and cheese (Accum 1820, 305) and some
pharmaceutical preparations (Alexander 1856, 13). The tyfgaagal spores captured in his
calculus includeCladosporiumtype (black mould of wood and cereals) suggesting poor
housing and possibly oral pathologies as he had only nine teeth remaining and vast quantities
of yeast sporedigure 65). The female fundeoutlier (HSC 40) was an adult woman {26
yearsold) with huge clumps of fungal and yeast spores together, large clumps of dirty starch
material (soil embedded), potential chicory and tuber skin, poppy seed testa (suggestive of
opium?) and a great deaf wood debris. These microdebris types, taken together, could
indicate that she was of lower class and only had access to poor quality, adulterated food. She
also had severe periodontal disease, externally draining abscesses, and extensive dental
enamel kipoplasias (DEH) conducive to terrible oral health and a long history of physical
stress and diseateading since childhood. The dental pathologies and active infection may
also explain high quantities of opportunistic yeast (pote@@aidida albicanginfection as it

seems she exhibited a number ehilalth indications listed above.
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Figure 65 HSC 27 Cladoporium type fungal spore (left), red particles incorporated into calculus (right). Scale
bar 20¢&m, magni fication 400x.

The Manchester fungal outliers are somewhat mixed, with two adult unsexed individuals, one
adult male and one oladult fem#e. Two had impressive amounts of active fungal activity
(hyphae) trapped in their calculus during its formation, although with little evidence of visible
spores figure 66). Older female MCS 37 appears to have died of cancer with lytic bone
lesions recored throughout her skeleton (Keefe and Holst 2017) which might explain the
profusion of fungal hyphae typical of active pathogenZandida activity in
immunocompromised people (Meyer et al. 2013). Adult male MCS 12 presented with
Alternariatype fungal spas,Zea maizaype starch, and the largest amount of blue mineral
particles in the Manchester group; pleural rib lesions suggest he suffered from a chronic
pulmonary infection. MCS 3.44 (unsexed adult) also had imported starch species (tapioca and
maize tyes) and substantial amountdNdfirosporatype fungal spores (large, black spherical
spores) which typically infest stored rice and maize; no pathologies were recorded. There does
not seem to be any one unifying environmental factor to link any of thehéater fungal
outliers as they all have different fungal types and associated microdebris. However, the case
could be put forward that of the Halifax individuals and some from Manchester were not
consuming clean, fresh food, suffered numerous chronicthhaainditions (skeletal
pathologies and possible opium &sgoppy testa) and, at least in Halifax, have large

quantities of artificial colourants in their calculus.
























































































































































































































































































































































































































