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Please note —this is a post-conference revised copy of the abstract book to reflect
changes in the conference programme — see tables for programme. Some delegates
did not show up and were replaced with expanded Poster presentations in the Oral
sessions — many thanks to these presenters. A conference report can be found in the
articles section of www.segh.net

Scientific and Organising Committee

Organising committee

Prof. Kenneth Maseka, Copperbelt University (Chair)

Dr Michael Watts, British Geological Survey

Dr Moola Mutondo, Copperbelt University

Dr Godfrey Sakala, Zambia Agriculture Research Institute

Scientific Committee

Martin Broadley-University of Nottingham, Paul Mapfumo-University of Zimbabwe, Florence
Mtambanengwe-University of Zimbabwe, Patson Nalivata-Lilongwe University of Agriculture
and Natural Resources, Malawi , Alex Stewart, University of Exeter-Public Health England,
Odipo Osano-University of Eldoret, Murray Lark-University of Nottingham, Louise Ander,
British Geological Survey, Jane Entwistle-University of Northumbria, Gillian Gibson-Gibson
Consultancy and Training, Olivier Humphrey-University of Nottingham-British Geological
Survey, Andrew Hursthouse-University of West Scotland, Daniel Middleton-International
Agency for Research on Cancer, Charles Gowing-British Geological Survey

SEGH Organisational Profile

President: Dr Michael Watts, British Geological Survey

Chair Americas: Dr Keith Torrance, ERM

Chair Europe: vacant — elections by ballot due —request nominations

Chair Asia/Pacific: vacant — elections by ballot due —request nominations

Chair Africa/Middle East: new section and position - nominations at SEGH 2018 AGM

Early Career Researchers Advisory group — recruit body of volunteers and coordinator at
SEGH 2018 AGM.
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Welcome to SEGH 2018 in Livingstone, Zambia

These are exciting times for African development across many sectors, including rapid
technological advancement in information technology and communications, agriculture,
public health, mining and infrastructure development, alongside rapid urbanisation. The
scientific fields represented by SEGH are presented with challenges and opportunities to
provide scientific information to the general public, government, industry and donor
stakeholders. The 34th SEGH International conference themes are therefore organised
around four topics under the banner of ‘Geochemistry for Sustainable Development’ - Urban
& Industrial development, Agriculture, Health and Technology.

We welcome you to Livingstone, Zambia alongside Victoria Falls, locally known as Mosi Oa
Tunya — ‘The Smoke that Thunders’. We hope that you will have many memorable
experiences through making new friends and expanding or renewing your networks. We
hope for a good exchange between disciplines and exchanges between established and
early career researchers.

SEGH aims to develop an African section alongside the European, Americas and
Asia/Pacific sections (www.segh.net ). We invite members to offer their interest to support
and set up an African section.

Many thanks to the people that have helped put together this conference programme and
offered help in the smooth running of activities. Particular thanks go to the volunteers who
have offered training courses for no charge and to the sponsors for financial support to
ensure we can keep the social events within the registration fee.

We are sure you will have a fun experience, whatever your background. Please do make
sure you experience the area around Victoria Falls, there are many options from relaxation,
wildlife tours to adrenaline fueled activities. Please do share your experiences and most of
all, enjoy your stay!

Prof. Kenneth Maseka, Copperbelt University (Chair)
Dr Michael Watts, British Geological Survey (President SEGH)
Dr Moola Mutondo, Copperbelt University

Dr Godfrey Sakala, Zambia Agriculture Research Institute
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Conference Information

See General Information at https://segh2018.org — for location, venue and travel.

Also see @SocEGH for Twitter and @SEGH Facebook for live updates during the
event.

Conference venue: Avani Victoria Falls Resort in Livingstone, Zambia.

https://www.minorhotels.com/en/avani/victoria-falls

The Avani Groups and Conventions Coordinator is Mr. Shingirayi Gatsi
AVANI Victoria Falls Resort, PO Box 60151, Mosi-Oa-Tunya Road, Livingstone Zambia
T +260 213 321122 | M +260 978 777045/46/47| E sgatsi@minorhotels.com

Registration will be available 19.00-21.00 at the AVANI Victoria Falls Resort during the ice
—breaker on Monday 2" July. Drinks and buffet, with music will be provided.

Final registration on the 3" July is available between 08.00-09.00.

Oral presentations - we ask that all presenters on the first day have provided their
powerpoint Oral presentations at registration on the 2" July or email in advance to
presentations@segh2018.org Subsequent presenters to provide their presentations the day
before.

Urban & Industrial development (U) and Agriculture (A), Tuesday 3™ July
Health (H) and Technologies (T), Wednesday 4" July.

Cross-disciplinary presentations, Thursday 5" July

Poster presentations (P) — please have your poster attached to a board on the morning of
your session.

Urban & Industrial development and Agriculture Tuesday 3™ July
Health and Technologies, Wednesday 4" July.

Flash presentations will need to be provided at the latest by the lunchtime — you can choose
to present and promote your poster without slides — please let the session convenor know in
advance. The 90-second presentations will be linked and run on a timer — presenters will
need to be ready to stand up for their talks. The audience will applaud at the end of the time
slot and the next presenter will stand up whether or not finished. We will have a
demonstration for the first flash presentation. This format can be fun!
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Social Programme

Many thanks to our conference for their sponsorship which has enabled us to keep the social
programme within the cost of the registration fee.

Ice-breaker for registration, 2" July between 19.00-21.00 at AVANI Victoria Falls Resort
Poster session, 3" July, 17.30-19.00, buffet and drinks — sponsored by Spectro-Ametek
Poster session, 4" July, 17.30-19.00, buffet and drinks — sponsored by Retsch

Conference dinner, 5" July — Boma reception 19.00-22.00 at AVANI Victoria Falls Resort —
barbecue and entertainment — sponsored by Agilent Technologies, Trace20-Wagtech,
First Quantum.

Field Trip 7™" July — visit to local cultural village and farm, followed by sunset cruise. Details
for pick-ups tbc.

Training Day

Training courses are provided by volunteers on the 6™ July. A provisional timetable is as
follows, but maybe adjusted according to demand. Some sessions will run in parallel

Morning
09.15-12.00

Introduction to QGIS by Dr Daniel Middleton, International Agency for Research on Cancer
(max. 20 people)

09.15-10.45

Embedding Ethics in Experimental Design in Geochemistry Research: A focus on human
and animal participants by Dr Kate Millar, University of Nottingham (max 20 people)

This session will provide initial training and an introduction to resources that will be useful to
those who are fairly new to approaches for embedding ethical thinking in scientific
experimental design in geochemistry research. The session will introduce some core
principles and then work through specific issues that relate to interactions with human and
animal participants. The session will conclude with information on resources and how to
further develop your ethical skills, skills which it will be argued are important to facilitate
successful outcomes from your geochemistry research.

11.00-12.30

Reviewing manuscripts and getting published by Professor Jane Entwistle, University of
Northumbria (max 20 people)

The aim of this workshop is to provide an interactive session with a group of coordinating
editors of the society’s journal Environmental Geochemistry and Health. We will share
perspectives on:

* Why review manuscripts?
» The peer review process.
* How to be a good reviewer.

» Recovering from reviewers comments - getting published and how to reply to an editor
following reviewers comments.
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Attendees will be invited to ask questions to gain a stronger insight about the reviewing and
publishing process.

Afternoon
14.00-16.45

Introduction to R by Professor Murray Lark, University of Nottingham-BGS (max 20 people)

14.00-16.45

Epidemiologic study design and interpretation — with application to cancer, health and the
environment by Dr Valerie McCormack, International Agency for Research on Cancer (max
20 people)

Unfortunately we cannot provide lunch on the training day, but will provide refreshments at
morning and afternoon tea/coffee breaks.

Early Career Researcher SEGH Luncheon
12.30-14.00

We will provide 20 places for Early Career Researchers to join SEGH long-standing
members to find out more about SEGH could benefit their careers. SEGH will initiate a
mentorship programme which will connect Early Career Researchers with established
scientists/managers in the field of Environmental Geochemistry and Health. It is expected
that interested participants attend the luncheon and patrticipate in the scheme for 2-3 years,
leading through to a formal award of Fellowship to SEGH (FSEGH).

We will also be asking this cohort to form an advisory group to the SEGH International
board. This group may be involved in testing new ideas, feeding back new ideas and
mentoring for succession planning within SEGH. Such a grouping may wish to organize
events with support from SEGH e.g. their own meetings supported, webinars, promotional
events (physical or online).

SEGH will provide the lunch to the first 20 respondents of a survey monkey distribution list.
Participants should be considered as Early Career Researchers.
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Oral Presentation summary Tuesday 3" July

8.00-9.00
9.00-9.30

9.30-10.00

10.00-10.15

10.15-10.30

10.30-10.45

10.45-11.15

11.15-11.30

11.30-11.45

11.45-12.00

12.15-12.30

uo1

uo02

uo3

TO8

uo9

Uo7

uos

Lunch 12.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45
15.45-16.00

16.00-17.30
17.30-19.00

19.15

A01

A02

AO3

A08

AO5

AO6

AOQ7

TUESDAY 3rd July - Urban & Industrial and Agriculture

Final registration
Welcome by Prof. Maseke Chair SEGH2018 and Dr Watts President SEGH
Session chair: Kenneth Maseke & Olivier Humphrey (ECR)
Zambia Environmental Management Agency

Mapoma, Rosemary - Assessment of Corporate Social Responsibility
Practices in Zambia’s Mining Sector — Lessons from Zambia’s Copper Mines

Ettler, Vojtech - Oral bioaccessibility of inorganic contaminants from dusts
in selected mining districts of Namibia

Vanek, Alec - Thallium contamination of desert soil in Namibia

Coffee
Session chair: Chaosheng Zhang & Olivier Humphrey (ECR)
Mihaljevic, M - Copperisotopic record in soils and tree rings near a copper
smelter, Copperbelt Zambia
Sracek, Ondra - Comparison of acid mine drainage and neutral mine
drainage at two sites in sub-saharan Africa

Yamaguchi, Kosei - Mechanism of arsenic release from sedimentsin
Mekong Delta, Cambodia, constrained from iron isotope geochemistry
Marriott, Andrew - Aquaculture around Lake Victoria, Kenya:
considerations for food security and environmental geochemistry?

Lunch

Session chair: Martin Broadley & Elliott Hamilton (ECR)

Zia, Munir - Progress towards harvest of Zn-rich biofortified grains in
Pakistan

Smith, Andi - Oxygen isotopes in phosphate: defining end members from
agricultural pollutants such as fertilisers

Sakala, Godfrey - Soil specific lime/manure combinations for effective
management of soil acidity and increased productivity in Conservation
Agriculture

Munthali, K - The effect of biochar soil amendment on the bioavailability of
Lead (Pb) in contaminated soil of Kabwe District of Zambia

Manzeke, Grace - Smallholder fertilizer management and soil type
influence grain zinc and iron concentration under contrasting cropping
systems in Zimbabwe

Ligowe, lvy - Bioavailability of Selenium (selenate) to maize and leafy
vegetable crops

Kaninga, Belinda - Bioavailability and accumulation of copper to crops in
close proximity to mine tailings in the Zambian Copperbelt

Coffee
Round-up of day - Kenneth Maseke

Poster - flash talks L.Ander & G.Sakala
Poster presentations / buffet

Bus leaves
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Oral Presentation summary Wednesday 4" July

8.00-9.00
9.00-9.15

9.15-09.55

09.55-10.10

10.10-10.25

10.25-10.40

10.40-11.10

11.10-11.25

11.25-11.40
11.40-11.55

11.55-12.10

12.10-12.25

12.25-12.40

12.40-14.00

14.00-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30
15.30-15.45

15.45-16.00
16.00-17.30
17.30-19.00
19.15

WEDNESDAY 4th July - Health and Technologies
Arrival
Admin
Session chair: Alex Stewart & Charles Gowing

HO1 Schuz, Joachim - Occupational and environmental cancer risks: an overview

H11 Kasanda, Edwin - An Analysis into the Epidemiological and Socio-Economic
Effects of Cholera Outbreak in Zambia

HO3 Potgieter-Vermaak, Sanja - Air Pollution: The Journey from Single Particle
Characterization to In-Vitro Fate

P02 McClellan, lan - Air pollution, health and government policies. The
challenges in improving the air we breathe.

Coffee
Session chair: Odipo Osano & Charles Gowing

HO5 Marinho-Reis, Paula - Environmental exposure, hair metal concentrations
and the cognitive ability of elderly residents of Estarreja, Portugal

Ho6 Coffey, Tracey - Pollutants in fish: Implications for human health

HO7 Ma, Jianmin - Human exposure risk to persistent organic pollutants
embodied in global marine fish trade

P23 Stewart, Alex - People and profit in mining: well-being and wealth

TO1 Zhang, Chaosheng - Use of hot spot analysis to reveal spatial patterns and
hidden information in environmental geochemistry

T02 Dumas, Maud - On-site real time analysis of mercury contamination in
environmental samples —a portable electrochemical detection solution

Lunch
Session chair: Jane Entwisle & Andrew Marriott (ECR)

T03 Lark, Murray - Managing variability and uncertainty in geochemical
information on soil: from sampling to inference to communication

T04 Noetzel, Uwe - Microwave plasma-atomic emission spectroscopy, a
revolutionary new technique and plasma source that increases
performance while eliminating expensive gas requirements

T05 Hamilton, Elliott - Chromium dynamics affecting soil-to-plant transferin
close proximity to mine tailings

T06 Kribek, Bohdan - Isotopic composition of copper in soil and grass in Tsumeb
mining district (Namibia)

uU10 Sapalo, Kachiwalo - Mining and Corporate Social Responsibility

Coffee
Round-up of day - Moola Mutundo
Poster - flash talks F.Mtambanengwe & K.Millar
Poster presentations / buffet
Bus leaves
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Oral Presentation summary Thursday 5" July

THURSDAY 5th July - Cross theme presentations

8.00-9.00 Arrival
9.00-9.15 Admin
Session chair: Patson Nalivata & Andrew Marriott
9.15-09.45 HO7 Osano, Odipo - Pathways and dynamics of transfers of essential and toxic
metals in the Kenya’s aquatic ecosystems
09.45-10.00 HO8 Sach, Fiona - Are land use decisions of African Elephants based on

environmental geochemistry?

10.00-10.15 HO09 Peng, Lin - Chronic low-dose cadmium promotes tumorigenesis and
aggressiveness, and enhances radioresistance in nasopharyngeal carcinoma
cells

10.15-10.35 H10 McCormack, Valerie - Geographic variations in esophageal cancer and
micronutrient deficiencies

10.40-11.10 Coffee

Session chair: Sanja Potgieter-Vermaak & Elliott Hamilton
11.10-11.25 Notin book Maseke, Kenneth - Environmental monitoring at a mine site Chambishi

11.25-11.40 TO09 Young, Scott - Isotope tracers and elemental speciation to understand soil
dynamics

11.40-11.55 P33 Bell, Rachel - Impact of the 2015/16 El Nino on rural water security in

11.55-12.10 TO7 Humphrey, Olivier - lodine uptake, storage and translocation mechanisms
in spinach (Spinacia oleracea L.)

12.10-12.25 P25 Middleton, Daniel - Environmental Geochemistry and Cancer: Exploring the
Link

12.25-12.40 Ti1 Potgieter, Herman - Contaminated land: a threat or an opportunity?

12.40-13.45 Lunch

Session chair: Moola Mutundo & Olivier Humphrey

13.45-14.00 U11 Rodgers, Kiri - Can legacy pollution influence antimicrobial resistance in
estuarine sediments? —The geochemical role!

14.00-14.15 U12 Entwistle, Jane - An apple a day? Assessing gardeners lead exposure in
urban agriculture sites to improve the derivation of soil assessment
criteria.

14.15-14.30 U13 Olatunji, Akinade - Urban geochemical survey of wetland sediments of
Lagos Metropolis, Nigeria

14.30-15.00 H12 Millar, Kate - Ethics considerations for using human subjects for
geochemistry studies

15.00-15.10 SEGH 2019 - update from Dr Sanja Potgeiter-Vermaak, Manchester

Metropolitan University

15.10-15.30 Round-up of day - Michael Watts

15.30-15.45 Coffee

15.45-17.00 Discussion / SEGH AGM and Africa section - Prize presentations

19.00-22.00 Conference BOMA

10| Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

Poster Presentation summary Tuesday 3" July

Poster sessions
Tuesday 3rd July
Flash talks 16.00-17.30
Poster presentations 17.30-19.00
Chair Dr Louise Ander & Dr Godfrey Sakala

PO1 Urban Ander, Louise - The occurrence and P11 Agri. Banda,John - Evaluation of the effects of
speciation of arsenic in groundwater used conservation agriculture practices on
for private drinking water supplies selected soil chemical and biological

P02 Urban McClellan, lan - Air pollution, health and P12 Agri. Zhang, Zilian - Contribution of bacterial
government policies. The challenges in exopolysaccharide on marine carbon storage

improving the air we breathe.

P03 Urban Lukundo, Nakaona- Usinga human hairasa|P13 Agri. Mwaanga, Anita - Effects of conservation
biomarker to assess the risk of exposure to farming (CF) techniques on bulk density and
populations living near mine waste dumps aggregate stability

P04 Urban Kang, Jiancheng - Heavy metal concentrations|P14 Agri. Tembo, Moses - Conservation farming

at different types of industrial soils in practice as an approach to the sustainable
Shanghai productivity and protection of maizein
Zambia
U06 Urban Morton-Bermea, Ofelia- Importance of |[P18 Agri. Chibulu, B - Analysis of rainfall variability at
geogenic sources in the Spatial and meso-catchment scalein semi-arid Insizia

Temporal Distribution of Metals in the district, Mzingwane catchment, Zimbabwe

Mexico City Metropolitan Area

P06 Urban Gibson, Gillian - Health in Environmental P19 Agri. Marriott, Andrew - Aquaculture and food
Impact Assessment security versus food safety in West Bengal,
India
PO7 Agri. Pfahler, Verena - The Global variability of P21 Agri. Kamwamfa, N - Onfarm assesment of carbon
soil phosphorus 180P values stocks under sub-optimal and optimal input

CA management in Mpongwe and Chisamba
districts of Zambia

P08 Agri. Chipatela, Floyd - Carbon dynamics in maize {P22 Agri. Mwape, Mumba - Selection and design of
Faidherbia albida agroforestry systems in irrigation systems in Zambia
Zambia

P09 Agri. Kapulu, Ndashe - Exploiting cowpea genetic

diversity for phosphorus deficient
environments
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Poster Presentation summary Wednesday 4" July

Wednesday 4th July

Flash talks 16.00-17.30

Poster presentations 17.30-19.00

Chair Prof Florence Mtambanengwe & Dr Kate Millar

HO8

P24

P25

P26

P27

P28

P29

P30

P32

P33

Health

Health

Health

Health

Health

Health

Health

Tech.

Tech.

Tech.

Stewart, Alex -Integrating health and
environment: a medical perspective

Yon, Lisa - A One Health Investigation of the
Potential Impact of Legacy Trace Metal
Contaminants

Middleton, Daniel - Environmental
Geochemistry and Cancer: Exploring the Link

Huo, Xia - Expression pattern of superoxide
dismutasein preschool children from
electronic waste recycling area

Nie, Xiangping - Effects of diclofenac on the
expression of Nrf2 and its downstream
target genes in mosquito fish (Gambusia
affinis)

Dong, Sijun - Long non-coding RNA (IncRNA)
involved in the toxicological effects of PM2.5
exposure

Watts, Michael - lodine status in Western
Kenya using Urinary lodine Concentrations

Li, Guiying - High active and stable lactase
isolated form Bacillus SP.GZB and its
application for the BPA degradation
Mwanza, Daniel - Propargyloxyphenoxy
metallophthalocyanines onto phenylazide-
grafted gold surfaces for detection of
hydrogen peroxide

Bell, Rachel - Impact of the 2015/16 El Nino
on rural water security in Ethiopia

P34 Tech.

P35

P36

P37

P38

P39

P40

P41

P42

P43

Tech.

Tech.

Tech.

Tech.

Tech.

Tech.

Tech.

Tech.

Tech.

Mutundo, Moola - Endocrine disruptors and
microbial ecology of Hippo Pool, Chingola,
Zambia

Mwansa, Mukuka - Evaluation of the
phytoremediation potential of lemon grass
(Cymbopogon citratus) and vetiver grass
(Chrysopogon zizanioides) in lead
contaminated soils

Marinho-Reis, Paula - The oral
bioaccessibility of potentially toxic elements
in soil, outdoor and indoor dust from
kindergartens in the city of Estarreja
(Portugal)

Kalunga, B - Challenges for developing
laboratory capacity in Africa for Agriculture,
Environment and Health research

Gowing, Charles - A suite of nine soil
reference materials for targeted
environmental geochemical analysis

Gowing, Charles - Developing a liquid
scintillation counting method for measuring
radon-222 activity in groundwater

Noetzel, Uwe - Fractionation of sulphur
isotope ratio analysis by ICP-MS/MS

Noetzel, Uwe - Determination of metals in
base metal ores using Agilent MP-AES

Searle, Chris - On-site real time analysis of
mercury contamination in environmental
samples —a portable electrochemical
detection solution

De Jager, Lionel - The Spectro ARCOS
Multiview ICP-OES
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Tuesday 3rd July - Oral presentations
u02

Assessment of Corporate Social Responsibility Practices in Zambia’s Mining Sector —
Lessons from Zambia’'s Copper Mines

Rosemary Mapoma, John Lungu, Edna Kabala, Hillary Chanda* and Edwin Kasanda

Department of Business Administration, School of Business, Copperbelt University, Kitwe,
Zambia

Copper mining has remained the backbone of Zambia’'s economy?. Indeed, the mining
sector has contributed and continues to contribute to the growth of the economy. However,
the mining sector appears to have been associated with causing a wide range of negative
environmental and social impacts on the livelihoods of local communities near mines. Soil
and water pollution, and destruction of vegetation through pollution from sulphur dioxide and
effluent discharges are some examples?. The cost of the contamination is transferred to
other economic activities, such as agriculture and fishing. Furthermore, it has been identified
as the major cause of health problems for people located within the immediate environs. The
situation is made worse when mining activities take place in areas inhabited by populations
historically marginalized and discriminated against. Some large mining companies producing
copper and cobalt in Zambia have been cited for having a negative socio-economic and
environmental impact on the livelihood of communities around their operations. Our paper
demonstrates the statistical indication that emission of sulphur at some of these mines is 70
times higher than the maximum healthy limit set by the World Health Organisation3. Locals
suffer toxic rains and respiration problems. Even though the Companies have engaged to
deliver on their corporate social and environmental responsibilities, the question still
remains: Are the local communities receiving a fair share from the exploitation of the natural
resources in their areas?

1 World Bank Report, November 2016

2 Caritas Ndola (2009). Research Report in Mufulira’s Kankoyo Township on the effects of
Sulphur Dioxide on Human and Natural Environment
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U03

Oral bioaccessibility of inorganic contaminants from dusts in selected mining
districts of Namibia

V. Ettler!, K. Raus?, M. Mihaljevic?, B. Kribek?, A. Vanek?, V. Penizek?®, O. Sracek*, B.
Mapani®.

1. Charles University, Faculty of Science, 128 43 Prague 2, Czech Republic

2. Czech Geological Survey, 152 00 Prague 5, Czech Republic

3. Czech University of Life Sciences Prague, 165 21 Prague 6, Czech Republic
4. Palacky University, Faculty of Science, 771 46 Olomouc, Czech Republic

5. University of Namibia, Windhoek, Namibia

*ettler@natur.cuni.cz

Mining districts of Namibia are located in the dry climatic region, where strong winds are
responsible for dispersal of contaminated dust particles. We investigated dusts from (i) the
Tsumeb area (northern Namibia), where Pb-Cu sulfide ores have been mined and
processed and (ii) the Skorpion non-sulfide Zn mine located near Rosh Pinah (southern
Namibia). We used a combination of mineralogical techniques and in vitro bioaccessibility
leaching in simulated gastric fluid (SGF) to assess the exposure risk for humans.

Compared to dusts from mine tailings, smelter-derived materials from Tsumeb were richer in
metal(loid)s and exhibited much higher bioaccessible concentrations (As: up to 35 wt% for
the smelter flue dust). The dust materials from the Skorpion mine and processing plant also
exhibited high total contaminant levels (up to 11 wt% Zn) and bioaccessible fractions
attained 60%. However, daily intakes via oral exposure calculated for an adult (70 kg,
ingestion rate 50-100 mg dust per day) exceeded the tolerable daily intake limits for Pb and
As only in the case of the Tsumeb smelter flue dusts, whereas limited risk was detected for
mine tailings, slags and ore materials at both localities.

The exposure to inorganic contaminants from dusts is probably low also due to safety
measures taken by the companies operating both mines and metallurgical plants. However,
the risk related to ingestion of polluted soil-derived dust by local residents should be
evaluated in the future especially at densely populated Tsumeb. This study was supported
by the Czech Science Foundation (16-13142S).
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Thallium contamination of desert soil in Namibia

A. Vanek!*, Z. Grosslova?l, V. Obornal. V. Penizek!, M. Mihaljevic?, V. Ettler?, J. Trubac?, P.
Drahota?, O. Sracek?®, B. Kribek*, A. Voegelin®, J. Gottlicher®, B. Mapani’

1. Czech University of Life Sciences Prague, 16521 Prague 6, Czech Republic
2. Charles University, 12843 Prague 2, Czech Republic

3. Palacky University, 77146 Olomouc, Czech Republic

4. Czech Geological Survey, 15200 Prague 5, Czech Republic

5. Swiss Federal Institute of Aquatic Science and Technology, CH-8600 Duebendorf,
Switzerland

6. Karlsruhe Institute of Technology, D-76344 Eggenstein-Leopoldshafen, Germany
7. University of Namibia, Windhoek, Namibia
*vaneka@af.czu.cz

We studied arid desert soils from Namibia (Rosh Pinah) that have been contaminated with
up to 7 mg kg* of thallium (TI) via dust emitted from local flotation tailing dam. Chemical
extractions of waste and soil materials indicated that most Tl is strongly bound, in line with X-
ray diffraction and X-ray absorption spectroscopy data that point to the predominant
association of Tl with metal sulfides and phyllosilicates.

The isotope fractionation factor e205TI of the soil samples (from -0.4 to +3.8) shows a
positive linear relationship (R2 = 0.62) with 1/Tl, indicative for the mixing of two major Tl
pools, presumably anthropogenic Tl and geogenic TI. The e205TI of the topmost soil
samples (+3) closely matches to the e205TI of post-flotation waste particles with a size <
0.05 mm in diameter, whereas the bulk flotation waste exhibits a significantly larger e205T]
(+6).

These variations are in line with predominant atmospheric transfer of Tl from the tailings to
adjacent soils via fine (dust) particles. Contamination with Tl may be of limited relevance at
the studied site, considering the high concentrations of other elements (Zn and Pb) and the
relatively low fractions of mobilizable soil TI. On the other hand, the results of this study may
also be relevant with respect to other alkaline desert soils where contamination with Tl
relative to other metals plays a main role.

This study was supported by the Czech Science Foundation (16-13142S; 17-03211S).
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Importance of geogenic sources in the Spatial and Temporal Distribution of Metals in
the Mexico City Metropolitan Area

Ofelia Morton-Bermea, Rodrigo Garza-Galindo, Elizabeth Hernandez-Alvarez, Maria Elena
Garcia Arreola, Sara L. Ordonez-Godinez

Department of Geomagnetism and Geophysical Exploration, Universidad Nacional
Autonoma de Mexico

The objective of this study was to investigate the chemical components (Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Rb, Sr, Cd, Sb, Cs, Th, Pb, Tl, La, Ce, Sm and Eu) of PM2.5 collected at five
sites around the Mexico City Metropolitan Area (MCMA), during three periods in 2011: April
(dry-warm season, DW), August (rainy season, R), and November (dry-cold season, DC), to
evaluate, in terms of meteorological parameters, their temporal and spatial variation. The
assessment of this data is a key point to identify source apportionment and their contribution.

The contribution of geogenic materials transported by prevalent winds represents a
significant influence on the air quality in the MCMA. Metals associated to geogenic sources
showed higher concentration (p<0.05) at NE of the MCMA and a significant correlation with
prevalent winds. They have a similar seasonal distribution, with the highest concentration
during DW (p0.05, suggesting common sources around MCMA) and no similar seasonal
pattern among them.

These unexpected results highlight the importance of meteorology in the spatial and
seasonal metal patterns.
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Level of contamination of pipeborne, surface and groundwater quality and potential
exposure risk to human health in Kumba metropolis, south west region Cameroon

T.N. Nganje'*, E.E. Agbor?, C.I. Adamu®, B.F. Katte?, A.E. Edet* and A.S. Hursthouse?®
1. Department of Geology, University of Calabar, P.M.B 1115, Calabar, Nigeria.

2. Department of Biochemistry, University of Dschang, BP 67, Dschang, Cameroon.

3. School of Science and Sports, University of the West of Scotland, Paisley, PAL, 2BE,
Scotland, UK

*Correspoding email: ntonzi@yahoo.com

The human population suffers from water borne diseases when they ingest contaminated
drinking water. This makes the supply and consumption of good quality water indispensable
for preventing diseases and improving quality of life. Hence the necessity to check at regular
time interval the quality of drinking water. In order to assess the level of drinking water
contamination and exposure risk to human health amongst the population of Kumba (the
major and largest city in Southwest Region, Cameroon) , sixty-five water samples were
collected from pipe borne, surface and groundwater sources including the catchment area in
Kumba metropolis. These water samples were analyzed for some physico-chemical and
microbiological parameters. In comparison with Nigerian Standard for Drinking Water Quality
Guidelines and World Health Organisation Permissible Values, the results of physiochemical
parameters showed that the water samples were mildly acidic ( pH in the range of 4 to 6.9),
heavy metals levels (Al (0.37 to 47.8 mg/L), Fe(0.4 to 64.37mg/L) and Pb ( 0.02 to
7.31mg/L)) and concentration levels of As, Cd, Co, Cu,Mn, and Mo in 8% of the water
samples were higher than permissible limit. All other water physiochemical parameters were
within the recommended limit. The results of microbiological parameters revealed that
seventy four percent (74%) of the contaminated water samples were in the class of high risk
to grossly polluted based on total number of coliforms present. Specific microbes isolated
were Enterobacteria, Escherichia coli, Streptococcus and Samonella/shigella which are
faecal coliforms known to cause water borne diseases. This indicated high risk of water
contamination by faecal pathogens. Pollution associated with the catchment area was
probably the main factor controlling the quality of pipe borne water while that of the surface
and groundwater may be due to geogenic and anthropogenic inputs including unlined pit
latrines. Water sources especially those ingested by humans in the study area should be
regularly treated and properly managed so as to protect the health of humans.

Keywords: Water quality, exposure risk, human health, Kumba Cameroon
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Mechanism of arsenic release from sediments in Mekong Delta, Cambodia,
constrained from iron isotope geochemistry

Kosei E. Yamaguchi'?
1 Department of Chemistry, Toho University
2 NASA Astrobiology Institute

Arsenic-contaminated ground water is a world-wide environmental problem and threatens
more than 100 million people living in delta areas of South, SE and East Asia. It is typically
associated with reducing aquifers with organic-rich alluvial sediments, little thermal
gradients, low sulfate concentrations, and slow flushing rates. Such conditions are typical for
low-lying countries in Asian deltas; however, compared to Bangladesh, Cambodia has
received far less attention.

Upon reductive dissolution of Fe-(oxyhydr)oxides that adsorbed As, Fe and As are released
into solution as dissolved Fe?" and arsenate, respectively. Following the oxidation of
dissolved Fe?*, newly-formed Fe-(oxyhydr)oxides adsorb As again. Thus, in anoxic waters,
concentrations of As correlate with those of dissolved Fe?*. Fluctuating redox conditions in
the aquifer are control As release, although inhibition of adsorption of arsenate and arsenite
onto the Fe-(oxyhydr)oxides occurs when the concentrations of phosphate, bicarbonate,
silicate, and/or organic matter become sufficiently high.

Biogeochemical redox reactions of Fe result in significant isotope fractionation (e.g.,
Johnson et al., 2008). We hypothesized that magnitude of isotope fractionation of Fe in the
aquifer sediments, reflecting repeated (incomplete) redox reactions of Fe, may be
proportional to the amount of total As release. We aim to calibrate the As release from
aquifer sediment by Fe isotope analysis.

As a preliminary study, series of sediment samples were collected from the Mekong Delta,
Cambodia, in September 2016. Based on measurements by ICP-AES and ICP-MS,
concentrations of As varied significantly covering the range from 4.5 to 15.5 pg/g with a
median value of 11 pg/g (higher than the average crustal value of 5 pg/g), and those of Fe is
from 2.6 to 9.7 wt.% with a median value of 7.1 wt.%. Concentrations of As and Fe show
positive correlation (R? = 0.72), indicating an effective redox cycling of Fe and As as stated
above. Sediment incubation experiment to explore various pathways of As release would
show time-series correlated changes.
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Aquaculture around Lake Victoria, Kenya: considerations for food security and
environmental geochemistry?

Andy Marriott?, Odipo Osano?, Tracey Coffey?, Christopher Aura*, Kelsey Ferrist, Tom
Kelly!, Amy Sansby?, and Michael Watts?.

1 Centre for Environmental Geochemistry, Inorganic Geochemistry, British Geological
Survey, Nottingham, UK

2 School of Environmental Sciences, University of Eldoret, Eldoret, Kenya.
3 School of Veterinary Science, University of Nottingham, UK.

4 Kenyan Marine Fisheries Research Institution (KMFRI), Kisumu, Kenya.
* anma@bgs.ac.uk

Lake Victoria plays a vital role in Kenya'’s inland fish production, providing a major food
source for communities around the lake. However, demand is exceeds supply and Kenya's
huge aquaculture potential is increasingly being explored as a way of alleviating problems
associated with overfishing of ‘wild’ fish. With 10 million people in Kenya suffering chronic
food insecurity and poor nutrition, the contribution of aquaculture to future food security
cannot be overstated.

However, aquaculture has associated environmental consequences, including the discharge
of particulates such as uneaten feed, faecal and excretory products (including antibiotics)
which could negatively affect the ecosystem of the lake. Furthermore, increased
anthropogenic activity has had adverse effects through run-off into the lake-basin, including
discharge of raw sewage, domestic and industrial waste and fertiliser/chemicals from farms
and contamination from both commercial and artisanal mining. Anthropogenic pollutants,
such as metals, can bioaccumulate in fish with implications for human health.

This project will examine fish collected from around the lake, both wild caught and cage
raised, along with lake sediment and water samples from the same locations. Fish tissue
and ecosystem toxic metal (e.g. Hg, Pb) concentrations will be measured, along with
micronutrient content (e.g. Se) for fish nutritional value. Fish bacterial/parasitic load will also
be determined and correlation with pollution levels explored. This will enable initial data to
identify potential risks and benefits for human health and fish health, particularly where there
is growing interest in antimicrobial resistance (AMR) induced from pollution, allowing
informed decision making and environmental management.
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Progress towards harvest of Zin-rich biofortified grains in Pakistan
Munir Zia*+23, Martin Broadley?, Michael Watts®, Murray Lark? and Louise Ander?
1 Research and Development Department, Fauji Fertilizer Company Limited, Pakistan

2 School of Biosciences, University of Nottingham, Sutton Bonington Campus,
Loughborough, UK

3 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Keyworth, UK

Corresponding Author: munirzia@ffc.com.pk

Approximately 40% of the population of Pakistan is deficient in zinc, with an estimated
245,000 disability adjusted life years (DALYS) lost in Punjab and Sindh per year. The
deficiency is linked to zinc deficient calcareous soils of the country which can't supply
enough zinc to the crops grown over. Strategies to address this issue include dietary
supplementation and fortification at the food processing stage have been applied, however,
there are limitations of accessibility and affordability of supplements among low-income and
vulnerable people. Recently, a new wheat genotype Zincol-2016[] was approved for release
in Pakistan by HarvestPlus, involving the International Maize and Wheat Improvement
Center (CIMMYT) and National Agriculture Research System (NARS) Pakistan. The
genotype accumulates 50% more zinc in its grains compared to traditional cultivars and has
the potential to supply higher amounts of iron mineral. Thus, Zincol flour could provide daily
intake of more than 12 mg Zn, i.e., higher than recommended daily intake of 11 mg Zn, as
compared to traditional varieties which would only provide daily intake of 8 mg Zn. Large
scale feeding trials of Zincol-2016 flour are under way in KP province where as initial trials in
2016 have suggested plasma zinc increase from a mean (SD) value of 681 ug/L to 794 ug/L
(n=20). We are currently assessing the potential public health value of combining new
varieties such as Zincol-2016 with zinc fertilizers. Prediction mapping for soil zinc can also
be used to identify potential regions where agronomic intervention is required.
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Oxygen isotopes in phosphate: defining end members from agricultural pollutants
such as fertilisers.

Andi Smith?", Verena Pfahler?, Steve Granger?

1 British Geological Survey, UK.

2 Sustainable Agriculture Sciences, Rothamsted Research, UK.
*andrews@bgs.ac.uk

Understanding the phosphorus (P) cycle is key to improving P use efficiency within
agricultural systems and mitigating against P derived pollution within aquatic systems.
Current methods aimed at characterising the P cycle are limited and apart from radioisotope
tracers none can directly trace the movement of P through the soil/ plant/ aquatic system.
Our understanding of carbon and nitrogen cycles has benefited greatly from stable isotope
tracer technigues, but P has only one stable isotope (®!P) making traditional isotope ratio
tracer methods impossible. Relatively recently a technique has been developed which
isolates environmentally derived phosphate (PO.) and enables analysis of the oxygen
isotope (*0) composition of this PO4 (520-P0Q.). Under earth surface conditions only
biological activity can break the P-O bond, when this occurs the original source material
5'80-PO; signature is altered. To fully understand the extent to which biological activity can
change the 5'80-PO;, signature of soil PO we need to more robustly characterise end
member 580-PO, values. In this study, we focus on agricultural fertilisers as a key end
member, with the aim of developing a global database of rock phosphate and fertiliser 5180-
PO, values. By better understanding these end members we can start to identify systems
where fertilisers may be a source of environmental pollution within aquatic systems.
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Soil specific lime/manure combinations for effective management of soil acidity and
increased productivity in Conservation Agriculture

G.M. SAKALA™, B. KANINGA!, K. CHISANGA!? & R. BANDA!

1 Zambia Agriculture Research Institute, Mount Makulu Research Station, P/B 7, Chilanga,
Lusaka, Zambia

2 Zambia Agriculture Research Institute, Mochipapa Research Station, Choma.

*Corresponding author: godfrey.sakala@gmail.com

Smallholder farmers practicing Conservation Agriculture (CA) in Zambia spot-apply a blanket
400 kg/ha lime and 4 t/ha manure mixed in planting basins to address the constraints of soil
acidity and low nutrient reserves. However, there has been no scientifically tested
combination ratio of spot applied lime and manure to address subsoil acidity. The objective
of this study was to evaluate lime/manure combinations for effective translocation of surface
spot-applied lime for an increased crop yield response. Two on-station trials were installed at
Magoye and Choma located in Southern Zambia. The soils at Magoye are heavier textured
Luvisols and those at Choma are lighter textured Acrisols with baseline exchangeable
calcium contents of 300 and 40 mg/kg respectively and a pH of 4 at both sites. Lime and
cattle manure were spot-applied at 0, 100, 200 and 400 kg/ha; and 0, 2 and 4 t/ha
respectively in a 4x3 factorial Experimental Design arranged in randomized blocks. Maize
grain yields at Magoye (4.4 t/ha) and at Choma (4.0 t/ha) were highest with the application of
4 and 2 t/ha manure respectively combined with 100 kg/ha lime at both sites. At Magoye, the
combination treatment registered up 700mg/kg exchangeable calcium levels throughout the
sampled soil profile (0-80cm). Some treatment combinations registered lower amounts than
the baseline values, suggesting nutrient mining. Possible mechanisms attributable to the
calcium flux include flocculation and increased microbial oxidative activities. We concluded
that soil specific lime/manure co-spot applications are desirable for effective management of
soil acidity and increased productivity in CA.

Keywords: Calcium flux, co-spot application, flocculation, microbial oxidative activities,
smallholder farmers, subsoil acidity, Zambia.
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The Effects of Soil Chemical Characteristics on Accumulation of Native Selenium by
Zea mays Grains in Maize Belt in Kenya

S. B. Otieno'*, T. S. Jayne?, M. Muyanga?

1 Directorate Of Veterinary Services, Ministry of Agriculture, Nairobi Kenya

2 Department of Agri-Food and Resource Economics, Michigan State University ,USA
Introduction

Selenium is an-antioxidant which is important for human health enters food chain through
crops. In Kenya Zea mays is consumed by 96% of population hence is a cheap and
convenient method to provide selenium to large number of population. Several soil factors
are known to have antagonistic effects on selenium speciation hence the uptake by Zea
mays. There are no studies in Kenya that has been done to determine the effects of soil
characteristics (pH, Tcarbon, CEC, Eh) affect accumulation of selenium in Zea mays grains
in Maize Belt in Kenya.

Methods

About 100 Zea mays grain samples together with 100 soil samples were collected from the
study site put in separate labeled Ziplocs and were transported to laboratories at room
temperature for analysis. Maize grains were analyzed for selenium while soil samples were
analyzed for pH, Cat lon Exchange Capacity, total carbon, and electrical conductivity.

Results

The mean selenium in Zea mays grains varied from 1.82 £ 0.76 mg/Kg to 11+0.86 mg/Kg.
There was no significant difference between selenium levels between different grain batches
{x (Df =76) = 26.04 P= 1.00} The pH levels varied from 5.43+ 0.58 to 5.85+ 0.32. No
significant correlations between selenium in grains and soil pH (Pearson’s correlations = -
0.143), and between selenium levels in grains and the four (pH, Tcarbon, CEC, Eh) soll
chemical characteristics {F (4,91) = 0.721 p = 0.579} was observed.

Conclusion

It can be concluded that the soil chemical characteristics in the study site did not significantly
affect the accumulation of native selenium in Zea mays grains.

Keywords—Maize, native, soil, selenium.
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Smallholder fertilizer management and soil type influence grain zinc and iron
concentration under contrasting cropping systems in Zimbabwe

Manzeke Muneta G1,*, Mtambanengwe Florence!, Watts Michael J2, Hamilton Elliott M?,
Lark R. Murray??3, Broadley Martin R3, Mapfumo Paul*

1 Soil Fertility Consortium for Southern Africa (SOFECSA), Department of Soil Science and
Agricultural Engineering, University of Zimbabwe, Harare, Zimbabwe
(gmanzeke@agric.uz.ac.zw; manzekegrace@gmail.com; fmtamba@agric.uz.ac.zw;
pmapfumo@agric.uz.ac.zw)

2 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, UK (mwatts@bgs.ac.uk; ellha@bgs.ac.uk; mlark@bgs.ac.uk)

3 School of Biosciences, University of Nottingham, Loughborough, UK
(martin.broadley@nottingham.ac.uk; murray.lark@nottingham.ac.uk )

Micronutrient deficiencies remain prevalent in food systems of southern Africa despite major
advances in biofortification through crop breeding and agronomic practices. We determined
the effects of soil type and farmer management on plant-available soil zinc (Zn) and iron (Fe)
and subsequent concentration in cereal and legume grains under two contrasting agro-
ecologies in Zimbabwe. Soil and crop surveys were conducted in Hwedza and Mutasa
Districts in 2015-16 on 350 farms varying in soil type and levels of productivity (designated
as most and least productive fields), using a hierarchical randomized sampling design. Grain
Zn and Fe concentration in cereals (maize-Zea mays L., sorghum-Sorghum bicolor L., finger
millet-Eleusine coracana L.) and cowpea (Vigna unguiculata L.) are insufficient for adequate
human nutrition. While plant-available Zn concentrations were small (0.1-2.5 mg kg in
Hwedza and 0.1-9.2 mg kg™ in Mutasa) a positive correlation was observed with grain Zn in
both cereals and legumes (P<0.05). An opposite trend was apparent when it came to Fe,
where wider range of plant-available Fe concentrations (3.2-36.9 mg kg* in Hwedza; 1.8-
40.5 mg kg in Mutasa) did not correlate with grain Fe concentration. Plant-available Zn
concentrations and cereal and cowpea grain Zn concentration correlated positively with soil
pH, soil organic matter, and farm productivity. These new data reveal opportunities to
improve farmer management for improved human Zn but not Fe nutrition, for example
through increasing soil organic matter. Furthermore, geospatial information on soils and
cropping systems should be taken into account when genetic and agronomic biofortification
strategies are being evaluated.
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Bioavailability of selenium (selenate) to maize and leafy vegetable crops

Ivy Sichinga Ligowel?* S.D. Young?, P. C. Nalivata?, E.L. Ander?, V. Kabambe?, L.Bailey?
and A.D.Chilimba?

1 Lilongwe University of Agriculture and Natural Resources, Bunda Campus, P.O. Box 219,
Lilongwe, Malawi

2 Department of Agricultural Research Services, P.O. Box 30779, Lilongwe 3, Malawi
3 School of Biosciences, University of Nottingham, Loughborough, UK
4 Centre for Environmental Geochemistry, British Geological Survey, Nottingham, UK

*E-mail: ivyligowe@gmail.com

Biofortification with selenium (Se) may rely on rapid uptake by crops, following application, to
offset progressive fixation into unavailable organic forms of Se in soil. A study was
conducted within a long term conservation agriculture (CA) field trial at Chitedze Research
Station, Malawi, and in co-located glasshouses, to assess the dynamics of selenium
bioavailability to cereals (Zea mays) and short-season green leafy vegetables (Brassica
napus and Amaranthus caudatus). The green vegetables were grown in a vertisol, alfisol
and oxisol and maize was grown on an alfisol. Isotopically labelled selenate (99% enriched
7Se) was applied. The vegetables received 0, 10 and 20 g ha! of 7’Se-selenate 4 weeks
after sowing and 20 g ha of "’Se was applied to maize at tasseling stage. Vegetables were
harvested five times and both plant leaves and maize grain were analysed by ICP-MS for
selenium isotopes. Maize grain "’Se exceeded 200 pg kg? in all the treatments and
bioavailability of fertilizer-derived "’Se, compared to soil-derived Se, was greater in the grain
than the maize stover. Uptake of 7’Se from the fertilizer declined sharply with sequential cuts
of green vegetables; bio-availability of the 7’Se followed the sequence: vertisol; alfisol;
oxisol. Rapid fixation of selenate in all the soils studied suggests that Se bio-fortification of
green vegetables subject to multiple harvests would require several applications during the
growing season. This contrasts markedly with cereals where a single application at the grain
filling stage provides viable grain Se enrichment at harvest.
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Bioavailability and accumulation of copper to crops in lime and manure amended
agricultural soils in close proximity to mine tailings in the Zambian Copperbelt

Belinda Kaningal?, Benson Chishala?, Kakoma K. Maseka3, Godfrey M. Sakala?, Elliott M.
Hamilton*, Andrew M. Tye*, Scott Young®, Murray R. Lark® and Michael J. Watts*

1 Zambia Agriculture Research Institute, Mount Makulu Central Research Station, P/B 7,
Chilanga

2 University of Zambia, School of Agricultural Sciences, Great East Road Campus, P.O Box
32379, Lusaka, Zambia

3 Copperbelt University, Jambo Drive, P.O. Box 21692, Riverside, Kitwe, Zambia

4 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey Nottingham, UK.

5 School of Biosciences, University of Nottingham, Sutton Bonington, Leicestershire, UK.
Correspondence to: Belinda Kaninga (belindakkapembwa@gmail.com)

Humans are exposed through the soil to plant transfer of trace elements, either essential
nutrients or potentially harmful elements (PHES). Therefore, to estimate the hazard posed by
PHEs in soils, the bioavailable fraction, defined by soil solution concentration and speciation,
has to be determined. A study is being undertaken, using maize and pumpkin leaves as test
crops, to characterise the soil to crop transfer of copper (Cu) from agricultural soils in close
proximity to mine tailings in the Zambian Copperbelt and determine the influence of lime and
manure application to these soils on the soil-to-crop transfer process. Total acid digestions
and isotopic dilution experiments were conducted on the soils, pre- and post-treatments, in
order to determine total and labile-Cu concentrations, respectively. Total elemental
concentrations for crops were determined by microwave assisted digestion, with analysis of
both soils and crops by an Agilent 8900 ICP-MS. A WHAM VII speciation model was then
used to estimate soil solution concentrations and speciation. Analysis of soil has revealed
large total Cu concentrations ranging from (1389 to 1708 mg kg, exceeding FAO/WHO
maximum permissible limits. Similarly, Cu in crop samples ranged from 30.8 - 75.9 mg kg™
and 10.2 - 36.3 mg kg for pumpkin leaves and maize plants, respectively. Both lime and
manure had no significant effect on Cu accumulation in both crop species and this result
could be attributed to the marginal difference in soil pH and organic matter content effected
by these amendments during the first planting season after their application. This study will
reveal the fate of PHESs in tropical soils and whether essential management practices to
improve crop yield and drought resilience, such as liming and application of manure can
reduce the risk of their uptake by crops or at least not increase soil-to-plant transfer of PHEs.

Keywords: bioavailability, speciation, WHAM VII, copper, manure, lime
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The occurrence and speciation of arsenic in groundwater used for private drinking
water supplies

EL Ander'®, MJ Watts'?, PL Smedley**, EM Hamilton'?, R Close?, H Crabbe?, T Fletcher? &
G Leonardi?

la Inorganic Geochemistry, Centre for Environmental Geochemistry & bGroundwater
Science, British Geological Survey, Nottingham, UK

2 Chemicals and Environmental Effects Department, Centre for Radiation, Chemical and
Environmental Hazards (CRCE), Public Health England, Chilton, Didcot, Oxfordshire, UK

Previous research has shown that private water supplies had drinking water arsenic >10
Mg/L (the drinking water standard) at the tap in 5% of studied households (n = 500) in
Cornwall, England, and that this directly impacted urinary biomarker status of a sub-set of
those householders in a follow-up study. Here we examine the variation in aqueous arsenic
concentration in contrasting aquifers across the study region. This area is also characterised
by both arsenic-bearing mineralisation and wastes from historical mining activities
exacerbating the surface environmental footprint of elevated arsenic concentrations.

Groundwater samples were collected on the same sampling visit as the drinking water
samples, allowing direct comparison of the two. This allows us to understand the proportion
of householders who may be affected by the presence of arsenic were it not for deliberate
(sometimes adventitious) arsenic removal, through treatment system interventions which
decrease concentrations to <10 pg/L. We also collected arsenic speciation samples and can
see variation both spatially and between shallow and deeper groundwater sources in the
dominant species.

Although either inorganic As(lll) and As(V) dominate in the vast majority of samples, there
are a small number of samples where methylated species were detected. The concentration
and speciation of arsenic appear to reflect both mineralisation presence and aquifer. This
provides an opportunity for improved understanding of where the hazard may be greatest,
and which treatment interventions are most likely to be efficacious. Such information can
support local authorities with responsibility for public health and surveillance of private water
supplies.
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Air pollution, health and government policies: the challenges in improving the air we
breathe

lain McLellan, Gary Litherland, Anne Crilly and John Lockhart

Institute of Biomedical and Environmental Health Research, University of the West of
Scotland, Paisley, UK

In the UK it is estimated there are approximately 1.2 million people living with Chronic
Obstructive Pulmonary Disease (COPD). COPD is the UK's fifth biggest killer; in Scotland it
is the only major cause of death to be increasing and approximately 100,000 people are
currently living with COPD and accounts for over 122,000 bed days in hospital. It is the
second most common cause of emergency admission to hospital and costs the NHS
approximately £500 million a year to treat. Despite this, COPD has been described as an
invisible disease, with most of the population unaware of its existence or prevalence

External air pollution, predominately caused by vehicles of nitrogen dioxide (NO;) and
particulate matter (PM) costs the UK economy up to £20billion. Exposure to NO: is thought
to be behind increased mortality (23,500 deaths per year) with particulate matter causing
29,000 deaths in the UK. Furthermore, there is growing evidence of the effects PM has on
people living with COPD. Particulate Matter is normally described as PM10 (particles
smaller than 10um) and PM2.5 (particles smaller than 2.5um) It has been reported in the
United States that there is an increase in COPD mortality for every 10ug/m? increase in
PM2.5 outdoor levels.

This presentation will focus on air quality and discuss what the Government policies are
doing to improve the air we breathe.
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Using human haor as a biomarker to assess the risk of exposure to populations living
near mine waste dumps

Nakaona Lukundo, Kenneth Maseka
Department of Chemistry, Copperbelt University, Kitwe, Zambia

The levels of manganese, cobalt, copper, lead, nickel and zinc in human hair was analysed
using the flame atomic absorption spectrophotometry (FAAS) for members of a community
living near a mine waste dump.

The results average concentrations of these heavy metals in hair in decreasing order were
as follows Zn (19.03 + 13.12), Pb (7.49 £ 3.96), Cu (5.57 + 2.49), Ni (2.83 + 1.55), Mn (1.43
+1.04) and Co (0.40 £ 0.10) pg/g. The concentration of these potentially harmful elements
varied greatly among different age groups. The concentrations of metals in hair were
compared to the normal values, or intervals of concentration of some metals in human hair
set by Biolab Medical Unit, 2010. The results showed that Mn, Co, Pb and Ni were above the
normal ranges of (0.2 — 2.00) pg/g for Mn, 0.01 — 0.20 pg/g for Co, < 2.00 pg/g for Pb and
0.39 pg/g for Ni where Cu and Zn concentrations were within the normal range
concentrations of 160 — 240 pg/g and 10 — 100 pg/g, respectively.

The dietary intakes were also further assessed in which the ingestion of vegetables have
proven to be the main route through which these metals in the environment pose serious
health effects to the local inhabitants. The estimated metal intakes through vegetable
consumption have shown that the weekly intakes for Pb (48.57), Ni (160.9) and Cd (33.49)
po/kg bw/iweek were all above the proposed limits of the Provisional Tolerable Weekly
Intakes (PTWI) set by the Joint FAO/WHO (with Pb at 25 pg/kg bw/day, Ni and Cd at 35
po/kg bw/day and 7 pg/kg bw/day respectively) and the rest of the examined metals were
well within the safe limits of the PTWIs. It therefore appears that the local inhabitants in that
area are at imminent health risk due to lead, nickel and cadmium examined in this study.

Keywords: Potentially harmful elements, human hair, biomarker, FAAS and age group.
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Heavy metal concentrations at different types of industrial soils in Shanghai

Jiancheng Kang

Geography Department, Shanghai Normal University, Shanghai, China

Selected three industrial types of machine building, chemical industry, printing and dyeing in
Shanghai, samples of soil was taken and analysed. The results showed that heavy metals of
As, Cr, Cu, Pb, Zn did not exceed the national environmental quality standards, but the
average of Ni reached 75.23 mg kg7, it is 1.5 times of national soil environmental quality
standards. Taking Shanghai soil background value as an evaluation standard, except for As,
each single-factor pollution index of element is greater than 1, Pollution levels were
presented as: Ni;Zn;Pb;Cu;Cr;As; The integrated pollution index of printing and dyeing,
machine building and chemical industry is greater than 2, which belong to moderate
pollution. Pollution levels were as follows: printing and dyeing; chemical industry; machine
building, which show dramatic cumulative trend. Correlation analysis and factor analysis
were taken, the results showed that sources of Pb, Cu and Zn are similar, sources of Cr and
Ni are similar, source of As is not similar with others. The content of As is consistent with the
context value, and the main source is relevant with soil parent material. Through comparing
analysis, Cr, Ni are mainly related with the discharge of pollutants, such as chemical and
mechanical manufacturing enterprises. Pollutants in the production process of printing and
dyeing enterprises may be the main sources of Pb, Cu, Zn.

30|Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

PO5

Innovative Financing for Enabling Affordable Renewable Energy Projects in Zambia
Hillary Chanda, John Lungu, Edna Kabala, Rosemary Mapoma and Edwin Kasanda

Department of Business Administration, School of Business, Copperbelt University, Kitwe,
Zambia

Zambia’s energy crisis represents a major developmental challenge to economic growth,
poverty reduction, human health and the environment. Though Zambia has a high potential
for renewable energy, its national energy consumption is less than 2% renewable energy,
10% hydro power, 9% petroleum and 79% wood fuel. The key question is what has led to
the failure in fully exploiting the abundant renewable energy potential.

Electrification in the rural areas is only 3% with 97% of the population having no electricity
access, subsequently encouraging traditional use of biomass cooking, high daily use of
kerosene and dependency on fossil fuels such as oil. With population growth and an
expanding economy, there has been an increase in demand for charcoal and firewood which
can be hazardous to human health through indoor wood smoke intoxication whose adverse
effects include; irregular heartbeat, heart failure, stroke, asthmatic attacks and lung damage
in children. Further, intensive use of charcoal and firewood is both expensive and damaging
to the environment through greenhouse gases emissions, soil erosion and deforestation. Soil
erosion processes lead to poor internal drainage, loss of soil structure, salinisation, soll
acidity and low organic matter. In the long run, this can result into catastrophic effects like
global warming and climatic changes which are manifested in droughts, uneven rainfall,
floods, among others. To mitigate the negative impact of the aforementioned on human
health and the environment, this paper provides various innovative ways for enabling clean
and affordable Renewable Energy projects in Zambia.
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Health in Environmental Impact Assessment

Gillian Gibson?, Ben Cave! , Ryngan Pyper!, Josh Fothergill?, Patrick Saunders®
1 Ben Cave Associates

2 Institute of Environmental Management and Assessment

3 Faculty of Public Health

The European Union (EU) Environmental Impact Assessment Directive frames the conduct
of Environmental Impact Assessment (EIA) across all European Member States. This
directive was amended in 2014 (2014/52/EU) and the amendments are currently being
transposed into national regulations across the EU. This is important for public health as the
Directive now explicitly names Population and Human Health on the list of core topics that
must be considered in an EIA. This provides an opportunity to provide health input to the
assessment and the design of infrastructure in all European Member States that will shape
the physical, social and economic environment for many years to come. This may set a new
benchmark for good practice in EIA and it will thus be of relevance to countries that are not
members of the EU. Over the next 12-18 months, and as EIA practice adapts, there is a
window of opportunity for public health professionals to shape the way that population and
human health are assessed. The assessment of population and human health within EIA
specifically, and Impact Assessment generally, must be done in a way that is both
proportionate and robust without compromising the values that have guided the development
of Health Impact Assessment (HIA). The poster will consider the roles and interactions
between government and civil society, and professionals, to make the most of this
opportunity to address health and wellbeing. This will include a look at some of the technical
issues that must be addressed, and the pragmatic but consistent approach which should be
taken to improve health outcomes across all sectors. EIA is one part of a wider system of
environmental assessment and spatial planning, and so the amended EIA Directive is a
prompt for public health and planning teams to engage with one another It should not be the
sole focus of joint work.

Countries which are not EU members can track changes and choose whether to incorporate
changes into their own professional guidance in order to derive maximum benefit from future
development.
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The global variability of soil phosphorus 180P values
V. Pfahler?, A. C. Smith?, M. S. A. Blackwell, S. J. Granger?.

1. Sustainable Agriculture Sciences, North Wyke, Rothamsted Research, North Wyke,
Okehampton, EX20 2SB, UK

2. NERC Isotope Geosciences Facility, British Geological Survey, Nottingham, UK

*Corresponding email address: verena.pfahler@rothamsted.ac.uk

Understanding phosphorus (P) cycling in the environment is vital as rock phosphate
reserves, the main source for P fertilizers, are limited and we thus need to use them more
efficiently. Phosphorus dynamics in soils are complex and the current methods available to
study P cycling are limited as none characterize and trace P directly, apart from
radioisotopes. The application of the stable isotopes °*N and **C has revolutionised our
understanding of nitrogen and carbon cycling, but P has only one stable isotope (3!P) and
tracing has previously relied on radioisotopes. The isotopic composition of oxygen (O)
associated with P (5'¥0P) has the potential for investigating P cycling in the soil/plant system
because P is mostly associated with O in the environment. This method has been
successfully used in soil studies, but data on the range of soil P 520P values is limited,
especially when it comes to testing the effect of environmental factors like climate.

Oxygen from water is the main source for O in P compounds and biological activity is the
main driver behind the O exchange between water and P compounds. Both factors, water
and biological activity, are highly dependent on e.g. climate. In this study, we therefore aim
to assess the global variability of soil P 3'80OP values and understand what they tell us about
P cycling under different conditions. Our focus is on grasslands (natural and managed) and
three soil P pools (plant-available, microbial and mineral P), which are extracted sequentially
and analysed for their 5'80OP values.
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Carbon dynamics in maize - Faidherbia albida agroforestry systems in Zambia
Floyd M. Chipatela

Zambia Agriculture Research Institute, Mutanda Research Station, Solwezi, Zambia

Soil organic matter (SOM) is a major determinant of carbon and nutrient cycling in the
biosphere: it is the main nutrient source for plant growth and contributes to soil quality. Leaf
litter from indigenous agroforestry tree species is a source of nutrients and organic matter
when it decomposes and, could contribute to replenishing soil fertility and soil organic carbon
(SOC) stocks. Faidherbia albida is one such agroforestry tree species which can be used to
maximise the contribution of organic matter to SOC and ensure future soil productivity and
agricultural sustainability.In this study we evaluated the dynamics of soil carbon under maize
grown inside and outside the canopy of F. albida trees and determined the long-term OC
contribution by F. albida litter from varying tree ages by looking at the 3*3C signal in the soils.
We also investigated the short and long-term effects of residue addition on enzymatic
activity evolution and microbial biomass carbon. Soil samples and plant materials were
collected from 6 study sites with varying ages of F. albida trees and different soil texture,
located in region lla of the agro-ecological zones of Zambia which receives annual rainfall of
between 800-1000 mm. The study established that F. albida litter has potential to contribute
to SOC stocks and stimulate the growth of soil microbial community which can subsequently
increase the activity of soil enzymes. More carbon was mineralised from unamended soils
under F. albida tree canopies compared to outside the tree canopies. Carbon mineralisation,
and the activities of C-cycle enzymes were higher for sites with sandy loam soils than sites
with clayey soils, while age of F. albida tree did not have a significant effect on them. The
study gave clear insights that use of F. albida trees in agro-forestry has potential to support
more intensified and sustainable agriculture among smallholder farmers in Zambia.

Keywords: Faidherbia albida, soil organic carbon, agro-forestry, intensified and sustainable
agriculture.
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Exploiting cowpea genetic diversity for phosphorus deficient environments
N. P. Kapulu!, W. Funsani?, V. Chibomba?

1 Soil Microbiology Research Unit, Mount Makulu Research Station, Zambia Agriculture
Research Institute, Private Bag 7 Chilanga, Zambia,

2 Cowpea Research Team, Mochipapa Research Station, Zambia Agriculture Research
Institute, P.O. Box 630090 Choma, Zambia

*Corresponding email address: ndashekapulu@gmail.com

A rapid population rise has increased demand for food leading to agricultural intensification
across many agro-ecologies, thus creating problems of overexploitation of fossil fuels and
soil fertility decline. Phosphorus (P) is an essential plant nutrient yet it is limited in supply
both in soil and abundance, to support sustainable food production. Legume crops such as
cowpea (Vigna unguiculata L), are a rich source of vegetable protein and dietary fibre for
subsistence farming households living in the global south, especially sub-Saharan Africa
were it is widely grown. However, P-deficiency occurs in most African soils resulting in low
cowpea productivity. Four commercially released cowpea genotypes Musandile, Namuseba,
Lutembwe, Bubebe common to Africa, with a landrace from Zambia, were evaluated for
efficient phosphorus utilization, at three P supply regimes optimum (40 mg/Kg P), moderate
(20 mg/Kg P), and sub-optimum (0 mg/Kg P), in an Acrisol, Arenosol, and Lixisol. The
genotypes expressed distinct responses in root, shoot, and seed traits to the contrasting P
levels across the different soil types. Reducing P-supply from 40 mg/Kg P to 20 and 0 mg/Kg
p respectively, did not significantly (p<0.05) impact on the 100 seed weight, root and shoot
biomass for genotypes Musandile, Namuseba and Lutembwe regardless of soil type.
Moreover, at reduced P-supply the grain yield for the three genotypes was statistically
maintained when compared to their control plants (40 mg/Kg P). Thus maintaining cowpea
yields with minimal phosphorus input seems important for sustainable food production.
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Speciation of dissolved aluminium in aqueous solution as a function of the pH:
implications on the management of acid soils for crop production

Victor Shitumbanuma

Department of Soil Science, School of Agricultural Sciences, University of Zambia. P. O. Box
32379, Lusaka, Zambia. Email: vshitumbanuma@unza.zm

Aluminium is the third most abundant element in the earth’s crust and a major constituent of
silicate minerals commonly present in the parent materials of most mineral soils. It occurs in
layer silicate minerals and sesquioxides which are the most chemically active inorganic solid
components of soils. Chemical weathering of Al bearing minerals in aqueous environments
releases Al ions into solution. In acid mineral soils, Al is usually a major constituent of the
soil solution. It exists in various chemical forms or species, whose abundance is largely
controlled by the pH of the solution. The common dissolved ionic Al species include Al**,
Al(OH)?* Al(OH)?* and AI(OH)s. Amongst these, AI** is known to be phytotoxic. The low
productivity of many acid upland tropical soils is often associated with Al toxicity to plants
due to high concentrations of dissolved AI** in solution and to phosphorus (P) deficiency.
Dissolved APP* ions also contribute to the acidity of soils and induce P deficiency by
precipitating P from solution into poorly soluble phosphate minerals such as variscite
(AIPO4.2H20). In this paper we derive solubility diagrams of common dissolved ionic
species of Al in aqueous solution as a function of the pH from their Gibbs free energies of
formation (AGof) at standard temperature and pressure. Gibbsite (Al(OH)s3) is used the solid
phase controlling the activity of dissolved Al ions in solution. Some practical uses the derived
diagrams for the management of acid soils for crop production are presented and discussed.

Keywords: Aluminium speciation, aqueous solution, soil acidity, pH, phytotoxicity.
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Evaluation of the effects of Conservation Agriculture practices on selected soil
chemical and biological properties in Chipata District

John Bandat!, Munsanda Ngulube?, Elijah Phiri?, Walter Mupangwa?, Christian Thierfelder3
and Alice M. Mweetwa?

1 Zambia Agriculture Research Institute, Mt. Makulu Research Station, P/B 7, Chilanga

2 University of Zambia, School of Agriculture Sciences, Soil Science Department, P.O Box
32379, Lusaka 3CIMMYT, P.O Box MP 163, Mount Pleasant, Harare, Zimbabwe
*Corresponding author: email: jpanda2009@gmail.com

Conservation Agriculture (CA) is a system of practices that aim to achieve sustainability of
agricultural production systems and has been promoted in Zambia since 1995 with over
70,000 adopters. The study was conducted in 2013/14 to evaluate the effects of CA on
selected soil chemical and biological properties and their relationship to crop productivity in
different systems including the biological nitrogen fixation capabilities of cowpea in Kayowozi
Agriculture Camp of Chipata District. CA has been practiced since 2007/08 season on Six
farmer fields. Soil samples were collected at 0-20 cm from all the 5 representative fields for
each treatment (conventional tillage (maize), CA-maize and cowpea intercropped, CA-
rotation-maize and cowpea phases, and CA-sole maize which were replicated 6 times.
Standard laboratory procedures were used to determine the changes in the selected soll
properties as a result of the CA. The results indicated that pH, organic carbon, calcium and
available phosphorus were significantly higher in CA sole maize, CA rotation maize phase,
CA rotation maize phase and conventional tillage, respectively, than in the other practices.
Total nitrogen was highest in CA intercrop and rotation maize phase with 0.10% N. There
were no differences in the amounts of magnesium, potassium, soil respiration and soil
microbial biomass among the different practices. The levels of soil pH, total nitrogen, organic
carbon and available P were dependant on farmer performance, amount and type of residue,
extent of soil disturbance and the presence of the nitrogen fixing legume in the system. The
results indicate that CA improves different aspects of soil fertility and it would be
recommended to study the different CA practices in isolation so as to have a better
understanding of their individual contributions towards improvement of soil fertility.

Keywords: conservation agriculture, soil microbial biomass, cowpea, biological nitrogen
fixation, Zambia
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Contribution of bacterial exopolysaccharide on marine carbon storage
Zilian Zhang* and Nianzhi Jiao

State Key Laboratory of Marine Environmental Science, Institute of Marine Microbes and
Ecospheres, Xiamen University, Xiamen 361102, China;

* zhangzilian@xmu.edu.cn

Most marine bacteria produce exopolysaccharides (EPS), which represent an important
source of dissolved organic carbon in marine ecosystems. It was proposed that bacterial
EPS rich in uronic acid is resistant to mineralization by microbes and thus has a long
residence time in global oceans. To confirm this hypothesis, bacterial EPS rich in
galacturonic acid was isolated and amend natural seawater to investigate the bioavailability
of the EPS by native microbial community. The data indicated that most the bacterial EPS
could be consumed rapidly, and during the consumption of EPS, recalcitrant DOC (RDOC)
was produced de novo. The bioavailability of the bacterial EPS was not only determined by
their intrinsic properties, but was also determined by other factors such as the availability of
inorganic nutrients. The fraction of EPS that could not be completely utilized and the RDOC
produced de novo may contribute to the carbon storage in the oceans.
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Effects of conservation farming (CF) techniques on bulk density and aggregate
stability

Anita K. Mwaanga?, Elijah Phirit, Mweetwa M. Alice!, Walter Mupangwa?, Christian
Thierfelder?

1 Department of Soil Science, University of Zambia, School of Agricultural Sciences, P.O
Box 32379, Lusaka, Zambia

2 International Maize and Wheat Improvement Center, P.O Box 163, Mount Pleasant,
Harare, Zimbabwe

Minimum Tillage is one of the strategies being promoted to reduce the negative effect of
conventional tillage in Zambia. The overall aim of this study therefore was to evaluate the
influence of different tillage techniques on bulk density and aggregate stability. The year to
year carry-over effects of Conservation Farming (CF) under different tillage techniques do
cause changes whose processes are unclear. Different tillage techniques i.e. zero tillage
(dibble stick, minimum tillage (direct seeding-rip line), Basin (Chaka hoe) and conventional
tillage (ridges) were thus compared under maize (Zea mays) production on an experimental
field. The study was conducted at Msekera Research Station in Chipata and the soil was a
Fine Clayey Isohyperthermic Plinthudult with a clay top soil and clay loam sub soil. The
experimental design was a randomised complete block design with four treatments and four
replicates. Treatment effects were compared for bulk density and total porosity and
aggregate stability. The results of the study showed that tillage methods affected the bulk
density and total porosity and aggregate stability. The tillage effects were significant on bulk
density at pre season (P= 0.03) and mid season (P= 0.04). Aggregate stability and total
porosity did not significantly differ among tillage techniques during the growing season. The
study also showed that, although bulk density in the direct seeder increased, a positive
influence on stable aggregates on dry Mean Weight Diameter was observed, which affected
the cumulative soil water storage in the profile, thereby increasing the grain yield. Based on
the results, it is recommended that this study be conducted in the long term for an easier and
clearer comparison as changes in soil physical parameters may take time to be evident.

39| Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

P14

Conservation farming practice as an approach to the sustainable productivity and
protection of maize in Zambia

M. Tembo'*, P.C. Chikoti!, P. Hamazakaza?, F. Sinkamba?, S. Sichilima?, I. Ligowe?, A.
Chamuene?®

1 Zambia Agriculture Research Institute, Mt. Makulu Research Station, Private Bag 7,
Chilanga, Zambia

2 Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi

3 Agricultural Research Institute of Mozambique (IIAM), CZnd-Prolongation of Av. FPLM,
Corrane Road Km 7, C.P. 622, Nampula, Mozambique.

Correspondence: mathiastembo2002@yahoo.com

Conservation agriculture (CA) offers hope for smallholder maize producers in Zambia. CA is
based on three key principles of minimum tillage, rotation and crop residue management.
Plant diseases are considered a major impediment to successful adaptation of conservation
tillage due to pathogen interactions with soil physical parameters, continuous moist soil
conditions and changes in crop residue management. The effect of soil nutrient chemical
conditions on maize leaf diseases of economic importance and the performance of different
maize varieties under CA cropping system in comparison to conventional cropping systems
were evaluated. On-station and on-farm trials were set up in 5 districts of Mambwe, Kabwe,
Mpongwe, Choma and Lusaka. The Split plot arranged in a randomised complete block
design (RCBD) with three replications was used. The main plot treatments consisted two
agricultural practices (Conventional and Conservation Agriculture). The results revealed that
despite differences in the soil nutrient status of the two farming systems, there was
insignificant influence on the maize leaf diseases build up. The maize varieties showed high
incidence of diseases among all the varieties across both conservation rotation and
continuous farming practices than under both convention rotation and continuous farming
practices. The variety ADV 637 consistently gave a higher grain yield under Conventional
continuous farming practice. Either of the conventional rotation or continuous farming
practice produced significantly high yields and therefore both practices remain the best
performing practices. Conservation farming practice can still be used as a means of
sustainable crop protection against diseases and productivity of maize in Zambia.

Keywords: Soil nutrients, conservation agriculture, convention agriculture, disease, yield
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Evaluating APSIM-and-CERES-Maize Models under rain-fed conditions for Zambian
maize cultivars: model calibration and validation

Charles Bwalya Chisanga'?, Elijah Phiri2 and Vernon Chinene?
1 Ministry of Agriculture, Ndola, Zambia

2 University of Zambia, School of Agricultural Sciences, Department of Soil Science, Lusaka,
Zambia

Email: cbchisanga@gmail.com

Crop model calibration and validation is vital to improve their skill in simulating crop growth
and yield and their application to new cultivars. A split-split plot design field experiment was
conducted with the planting date (PD1, PD2 and PD3), cultivar (ZMS606, PHB30G19, and
PHB30B50) and nitrogen rate (67.20, 134.40 and 201.60 kg N ha') as the main-plot, subplot
and sub-subplot with three replicates, respectively. The experiment was conducted at Mount
Makulu Central Research Station (latitude=15.550°S, longitude=28.250°E, altitude=1213 m),
Zambia at 2016/2017 season. The study objective was to calibrate and validate APSIM-
Maize and CERES-Maize models in simulating maize growth, yield and root soil water under
rain-fed conditions. The models were calibrated and tested using phenology, maximum leaf
area index (mLAl), biomass and grain yield. Anthesis (APSIM-Maize, anthesis DAP=1.91d;
CERES-Maize, anthesis DAP=2.89d) and maturity (APSIM-Maize, maturity DAP=3.35d;
CERES-Maize, maturity DAP=3.13d) were adequately simulated with normalized root mean
square error (RMSEN) being <5%. The grain yield RMSE values were moderate (1.38 t/ha
for APSIM-Maize; 0.84 t/ha for CERES-Maize). The APSIM-Maize and CERES-Maize
models accurately simulated grain (RMSEn = 20%), grain size (d =2 0.70; EF = 0), grain
number m-2 (d = 0.70; EF = 0), biomass (d = 0.70; EF = 0) and root soil water content (soll
layers 1-5, d =2 0.70 and EF = 0). Validation crop models showed acceptable performance.
Planners, land managers, end-users, researchers and policy makers may use crop models
to identify management options provided climate, soil physio-chemical properties, socio-
economic information and management are available.

Keywords: APSIM-Maize, calibration, CERES-Maize model, grain yield, RMSE, maize,
validation
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Statistical Downscaling of Climate Variables for Mount Makulu, Zambia Using the
Statistical Downscaling Portal for 2010-2099

Charles Bwalya Chisanga'?, Elijah Phiri?2 and Vernon R.N. Chinene?
1 Ministry of Agriculture, Box 70232, Ndola, Zambia

2 University of Zambia, School of Agricultural Sciences, Dept of Soil Science, Lusaka,
Zambia

Email: cbchisanga@gmail.com

The Perfect Prognosis (PP) is a statistical downscaling technique where the statistical model
is calibrated using observational for both predictors and predictands. The study objective
was to simulate the future climate scenarios in precipitation and temperature for Mount
Makulu, Zambia (latitude: 15.550°E, longitude: 28.250°S, altitude: 1,213 m asl) using ERA-
Interim reanalysis data within the Statistical Downscaling Portal (SDP). Precipitation and
temperature scenarios were generated from 1971-2000, 2010-2039, 2040-2069 and 2070-
2099. The Mann-Kendall test showed a significant positive trend for maximum and average
temperature for the current and future climate (RCP4.5 and 8.5) scenarios (p<0.05).
Precipitation showed a non-significant, higher variability and decreasing trend under RCP
8.5 compared to RCP 4.5. Changes in temperature and rainfall would affect nutrient
availability, nitrogen, and carbon cycling, soil microbiological processes, erosion events,
plant pests and diseases, and proper functioning of ecosystems and agriculture productivity.
The PP improves the coarse spatial resolution and a poor representation of precipitation and
temperature in global models and assists policy makers, planners and end users in
understanding the impacts attributed to climate variability and change on health, water
resource and agriculture.

Keywords: climate change, GCMs, Perfect Prognosis, statistical downscaling, SDP,
predictand, predictor
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Food Safety, Sanitary and Phytosanitary Measures and Pro-Poor International Trade:
Challenges and opportunities from the Zambian Experience

Edna Kabala, John Lungu, Rosemary Mapoma, Hillary Chanda and Edwin Kasanda

Department of Business, Copperbelt University, Kitwe, Zambia

Zambia is a low income country that aspires to diversify her trade into higher value agro-food
and light manufactured products. Zambia, through exporters registered with the Zambia
Export Growers Association (ZEGA) must comply with the World Trade Organization’s
Sanitary and Phytosanitary measures (SPS) . SPS measures are key to enabling Zambia
and trading partners achieve objectives related to food purity and safety, human health,
environmental protection, and agricultural productivity . Meeting SPS requirements reduces
the risk of endangering consumers and expands sustainable access and competition to
international markets like the European Union. These standards play a significant role in
facilitating trade and sustainable development.

Yet, Zambia faces challenges related to compliance with food safety, agricultural health,
environmental, and/or other standards being applied by (potential) trade partner
governments and/or private sector buyers. Zambia's capacity to manage food safety,
agricultural health and meet commercial SPS requirements is limited. This affects the
country’s effective participation in international trade and effectively reduces poverty among
Zambian food producers and exporters. Overcoming these challenges is crucial to the
country’s full exploitation of sustainable economic growth from international trade
opportunities. This paper aims to highlight the challenges that Zambia faces in upholding
food safety and implementing SPS measures. Additionally, the paper will address the
implications of these challenges on pro-poor international trade in Zambia.
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Analysis of rainfall variability at meso-catchment scale in semi-arid Insiza District,
Mzingwane catchement, Zimbabwe

B. CHIBULUY, W. MUPANGWA?

1 Ministry of Agriculture and Cooperatives, Zambia Agriculture Research Institute, Mount
Makulu Research Station, Private Bag 7, Chilanga, Zambia

2 International Maize and Wheat Improvement Centre, Zimbabwe

An increase in human population will require a corresponding increase in food production in
order to satisfy the resulting demand; and rainfall variability will be an important factor in
determining whether this can be achieved. Various studies have been done on a global
scale, but very little is known about the extent of rainfall variability on a smaller and localized
scale. Poverty, hunger and malnutrition amongst rural people in semi-arid areas where small
scale rainfed farming is dominant are widely recognized as major problems. The fact that
rural communities of Southern Africa reside in marginalized areas which are characterized
by low and highly variable rainfall that is poorly distributed exacerbates these problems. The
challenge is to find ways and means of helping such communities whose main means of
survival is at the mercy of nature. This calls for an understanding of rainfall variability at the
lowest possible level so as to be able to determine how water can be managed at that level
for improved crop production. This paper analyses rainfall variability at meso-catchment
scale and the potential for variable food production due to rainfall variability. This study
involved desk and field studies of long-term existing and short-term observed daily rainfall
data. Ten portable raingauges were installed at ten locations within Zhulube meso-
catchment based on direction of prevailing wind and soil type. In addition to this, six
10m*10m experimental maize plots were cultivated because agriculture is a good indicator
of rainfall variability. The main findings from this study were that there was significant spatial
and insignificant temporal variability in the catchment in the short term; temporal variability
was, however, significant in the long-term. Based on number of dry days after the earliest
planting dates compared to the minimum number of days required for maize to reach
maturity, the 1970s had two good seasons and four fair seasons whereas the 1980s had
only one good year. The field data gave an indication of one fair season at one location and
biomass produced per location was generally low.

Keywords: extent of rainfall variability, meso-catchment, semi-arid, yield
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Aquaculture and food security versus food safety in West Bengal, India
Andy Marriott’*, Santosh Sarkar?, Simon Chenery?, Tom Kelly!, and Michael Watts!.

1 Centre for Environmental Geochemistry, Inorganic Geochemistry, British Geological
Survey, Nottingham, UK

2 Marine Science Institute. University of Kolkata, Kolkata, West Bengal, India.
*anma@bgs.ac.uk

Aquaculture continues to grow in West Bengal where on average people consume 8.2
kg/capita of fish each year, and an extensive mosaic of aquaculture ponds has developed
along the River Hugli as clay pits are repurposed. The adjacent brickworks and industry (e.g.
tannery) are a potential source of environmental pollution, with potential for bioaccumulation
of potentially toxic elements (PTE) in fish farmed in these ponds. Fish from aquaculture
present an opportunity to meet food sufficiency in West Bengal, however, investigation to
assess their effectiveness for micronutrient supply balanced against food safety is required.
Concentrations of PTEs in fish muscle, pond sediment and water were measured. Sites
were studied in areas close to industrial brick manufacture, as well as rural areas (where
impact is low) for comparison. Dietary intake and PTE loading were assessed for key fish
species to determine their micronutrient content with respect to recommended daily intakes
(RDI) for adults (e.g. Ca, K, Mg, Fe, Zn, and Se), and to establish whether the provisional
maximum tolerable intakes (PMTIs) are exceeded for PTEs (e.g. Al, As, Hg, Cr, Sn, Cu and
Pb). Preliminary results suggest that aquaculture is making an important contribution to
nutrition and overall food security, but that there is a need for ongoing monitoring and
assessment, particularly with regard to introduced fish species.
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Spatial analysis of soil organic matter and microbial activity under Faidherbia albida
system on a sandy loam soil in Zambia

E. Phiril, P. Chanda?, AM. Mweetwa?.

University of Zambia, School of Agricultural Sciences, Department of Soil Science, P. O. Box
32379, Lusaka, ZAMBIA

*Corresponding email address: ephiri@unza.zm

Characterising Faidherbia albida spatial influence on soil variables can provide important
implications in water and nutrient management in agricultural production systems. Soil
organic matter and microbial activity are important indexes of assessing soil fertility in
agroforestry systems. The study was conducted to evaluate the degree of spatial variability
of soil organic matter and microbial activity inside well-established mature Faidherbia trees
(>25 years old) planted in rows as hedges for wind breaks. Both positive and negative
correlations were observed among the soil properties in the relationship between particle
size fractions, soil organic carbon and microbial activity. The measured data reflects almost
normally distribution as reflected by the frequency distribution and skewness. Silt fraction,
soil organic carbon and soil microbial activity were significantly spatially affected by
Faidherbia tree. Patterns observed showing the effect of the Faidherbia albida on soil
organic matter and microbial activity. The spherical model fitted well most soil parameters
and represented well the spatial pattern of the selected soil properties with accuracy as
affected by Faidherbia albida tree presence in the field. Geostatistical estimation and
simulation techniques were useful in characterising the spatial distribution of the selected
soil properties.

Keywords: agroforestry, agriculture productivity, soil fertility
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On farm assessment fo carbon stocks under sub-optimal and optimal input CA
management in Mpongwe and Chisamba Districts of Zambia

N. Kafwamfwa?, L. Chabala? and C. Shepande?

1 Zambia Agriculture Research Institute, Soils and Water Management Section
2The University of Zambia, School of Agricultural Sciences

Corresponding author: knswana@yahoo.com, chitalu81l.nk@gmail.com

Soil management in agriculture can either contribute to further carbon emissions or carbon
sequestration depending on the agricultural practices implemented. Conservation Agriculture
(CA) is one of the promising practices being promoted for reducing the greenhouse gas
effect in the face of climate change. This study sought to assess the amount of soil organic
carbon (SOC) in CA and Conventional Tillage (CT) cropping systems under suboptimal and
optimal input management in Mpongwe and Chisamba districts. Soil samples were randomly
collected at a depth of 20 cm to assess the C-stock in fields which have been under CA/CT
between 3 and 10 years under suboptimal and between 12 and 18 years under optimal input
management. Changes on selected soil properties over time were determined using
standard laboratory procedures. The amount of carbon sequestered was assessed using the
adjusted LULUCF model. CA fields had sequestered 1,424 Kg SOC /ha,yr while the CT had
392kg SOC/ha,yr, representing a threefold difference. At GART SOC was 63,180 kg/ha after
15 years of CA compared to 50,622 kg/ha under CT over the same period. These findings
suggest that CA can mitigate the effects of climate change by reducing the carbon emission
resulting from the crop production practices. Further, there were significant differences
between C-stocks under the 18 and 12 years CA fields under Faidherbia albida trees at
GART. The results also showed increased pH values under the eucalyptus field compared to
the other fields at GART suggesting that pH increases when land use is changed from
agriculture to forestry.

Keywords: Carbon, sequestration, emissions, conservation agriculture.
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Selection and design of irrigation systems in Zambia

Mumba R. Mwape?, Derek M. Heeren?3, Dean Eisenhauer®, Aaron Mittelstet?>®and Laszlo
Hayde*

1 Zambia Agricultural Research Institute, Zambia

2 University of Nebraska-Lincoln, USA

3 Robert Daugherty Water for Food Global Institute, USA
4 |HE-Delft Institute for Water Education, Netherlands

Zambia has made multiple reforms aimed at improving the agriculture sector and recent
developments have seen a streamlined focus on irrigation as a means of increasing
production, productivity, and sustainability in the agriculture sector, which had previously
been dependent on rainfall. The high cost of irrigation equipment and the urgent need to
increase food production entails that irrigation plans guarantee sustainability, effectiveness
and efficiency. This research was aimed at evaluating the suitability and viability of
community-irrigation systems, and designing systems for two sites in agro-ecological region
Il using both ground and surface water sources. In establishing the suitability, soil tests and
water analyses for quality, quantity and availability were performed. The soil tests showed
course textured soils and the water quality was found to be suitable for irrigation based on
Food and Agriculture Organization standards. The quantity and availability test results
indicated that water was sufficient for irrigated agriculture. Crops suitable for the sites, when
simulated in AquaCrop, gave at least 60% more potential yield compared to current
production trends. The amount of land that could be irrigated with the groundwater source
was 120 ha and 500 ha for surface water (if 25% of the lowest flow rate was diverted). These
results coupled with a positive economic outlook validates the suitability of the sites for
irrigation development. The adoption of such community-irrigation systems is a pathway to a
food safe and secure community and has the potential to change the face of small-scale
agriculture at both community and national levels.
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HO1

Occupational and environmental cancer risks: an overview
Joachim Schiiz and Valerie McCormack

International Agency for Research on Cancer (IARC), Section of Environment and Radiation,
Lyon, France

Throughout their life people are exposed to a wide range of environmental and occupational
pollutants from different sources in the work place, at home and in the general environment.
Several chemicals, metals, dusts, fibres, and occupations have been established to be
causally linked to an increased risk of cancer. The annual global burden of occupational
cancer deaths is estimated to be between 300,000 to 600,000, based on current knowledge,
but with large uncertainty as for many established carcinogens the dose-response
relationship is not well described (in particular low dose effects), exposure prevalence is
unknown in very many countries, and there are plausible hypotheses for further carcinogens
for which the scientific evidence of causation has not been established. Many carcinogenic
risks in the environment and at the workplace appear to be modifiable and the cancers
therefore preventable. Given the long induction period of many cancers successful
prevention efforts often become obvious only in the long run. This presentation will give an
overview of occupational and environmental carcinogens, the methodological challenges in
epidemiological studies to identify associations, the need of expanding environmental and
occupational cancer research to low resource settings, and the opportunities multi-
disciplinary collaborations offer in this context.
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Assessment of potentially toxic element pollution and human health risjs in soils of
llesha artisanal gold mine sites, southwest Nigeria

M. Odukoya®, T. Oluseyi?
1 Odukoya A. M. and Department of Geosciences, University of Lagos, Nigeria
2 Oluseyi, T.0O. and Department of Chemistry, University of Lagos, Nigeria

* amodukoya@unilag.edu.ng

The aim of this research is to determine the health risk of potentially toxic elements (PTES)
in soils of gold mining area in llesha, Southwestern Nigeria. Eighteen top soil samples were
collected and analysed for twelve PTEs using Inductively Coupled Plasma Mass
Spectrophotometer (ICPMS). The pollution level in soils were assessed using pollution load
index (PLI) and potential ecological risk index (PERI). The human health risk were also
assessed using hazard index (HI), non-carcinogenic risk index and carcinogenic risk index.
All the PTEs were higher than crustal average values except Fe and followed the order of
Mn; Ba; Cr; Zn; Cu; Ni; Pb; Co; Fe; As; Cd. The soil samples can be classified as unpolluted
to moderately polluted (0.18-1.23) and low risk (15.28-94.24) based on PLI and PERI
respectively. The values of hazard Index (HI) calculated for child and adult population for all
the pathways were 1 in child population. As, Co, Cd and Pb constituted high cancer risk in
the study area with child at higher risk than adult. The Total Cancer Risk (TCR) in the study
area based on all the pathways ranged between 0.19 -3.86 and 0.18-3.58 for child and adult
respectively and the ingestion route seems to be the major contributor to excess lifetime
cancer risk followed by the dermal pathway.
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Air Pollution: The Journey from Single Particle Characterization to In-Vitro Fate.
Sanja Potgieter-Vermaak*'?, Andrew Brown?, Nicole Bain?, Marijn Moespot?!, Kirsty Shaw!
1 Manchester Metropolitan University, Manchester, United Kingdom;

2 Molecular Science Institute, University of the Witwatersrand, Johannesburg, South Africa.

A report published by the Royal College of Physicians (February 2016) indicated that 40K
early deaths in the UK can be ascribed to air pollution. It stated the need for quantification of
the relationship between air quality and health as it is hypothesised that airborne particulate
matter (APM) <2.5um deposits in the tracheal and alveoli zones producing reactive oxygen
species (ROS), potentially responsible for pulmonary injury. Currently, APM mass
concentration is linked to early deaths and limited studies probe the influence of other
properties on human health. To predict the full extent and type of impact, particles need to
be characterised for chemical composition and structure. APM are routinely analysed for
their bulk composition, but of late analysis on a micro level probing single particle character,
using micro-analytical techniques, are considered. The latter, single particle analysis (SPA),
permits one to obtain detailed information on chemical character from nano- to micron-sized
particles. This paper aims to provide a snapshot of studies using data obtained from
chemical characterisation and its link with in-vitro studies to inform on personal health risks.
For this purpose, two studies will be compared, viz. the bioaccessibility of the inhalable
fraction of urban road dust versus total suspended solids (TSP) collected in the same urban
environment. The significant influence of metals such as Cu and Fe in TSP on DNA damage
is illustrated. The speciation of Hg (determined by SPA) in different urban environments
proved to dictate its bioaccessibility in artificial lung fluids rather than its concentration.
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Comparison of iron contents of soils sold for human consumption and of some
ordinary soils in Lusaka, Zambia

Victor Shitumbanuma® and Dominic Balengu?

1 Department of Soil Science, School of agricultural Science, University of Zambia. P.O. Box
32379, Lusaka, Zambia. Email: vshitumbanuma@unza.zm.

2 Former Zamtel, Flats Ibex Hill, Lusaka. Email:dbalengu@gmail.com

Geophagia or eating of soils by humans is common in Zambia. Soils are sold on markets for
this purpose, where girls and women are major clients. Geophagia has been associated with
iron (Fe) deficiency. Some people believe that eating soil helps alleviate Fe deficiency. A
study was conducted to establish whether soils sold for human consumption had higher
levels of soluble Fe than ordinary soils. Six soils comprising two agricultural soils, two soils
sold for human consumption, and two soils carried onto tree trunks by termites, were used.
Extracts of (i) Aqua-regia extractable Fe or total Fe, (ii) ammonium oxalate extractable Fe or
amorphous Fe and (iii) 0.01M HCI extractable Fe or bioavailable Fe were obtained from
each soil. Their concentrations were determined by Atomic Absorption Spectroscopy. Means
of total Fe were 3.26 + 0.36 % in agricultural soils; 1.83 + 0.11 %, in termite soils, and 1.54 +
0.08 % in marketed soils. Means of oxalate Fe were 2050 + 3 mg/kg for marketed soils; 376
+ 16 mg/kg for termite soils and 269 + 12 mg/kg for agricultural soils, while means of HCI-Fe
were 4.83 + 0.05 mg/kg for marketed soils, 1.67 + 0.13 mg/kg for agricultural soils, and 1.23
+ 0.16 mg/kg for termite soils. Oxalate-Fe and HCI-Fe are the more soluble forms of Fe in
soils. Since the marketed soils had significantly more soluble Fe than ordinary soils, we
concluded that the marketed soils were potential sources of soluble Fe probably able to
alleviate Fe deficiency.

Keywords: Geophagia, soil, iron deficiency, extractable Fe
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Environmental exposure, hair metal concentrations and the cognitive ability of elderly
residents of Estarreja, Portugal

A. Paula Marinho-Reis?, Marina M. S. Cabral Pinto!, Agostinho Almeida?, Carlos M. Ordens?,
Sandra Freitas®, Mario Simages®, Paula Pinto*, Paula I. Moreira®, M. Lusa Diniz?, Edgar
Pinto?, Patricia Ramos?, Eduardo A. Ferreira da Silval, M. Teresa Condesso de Melo®

1 GeoBioTec, Universidade de Aveiro, Aveiro, Portugal

2 LAQV/REQUIMTE, Faculty of Pharmacy, Porto University, Porto, Portugal

3 University College London Australia, Adelaide, Australia

4 CINEICC, Universidade de Coimbra, Coimbra, Portugal

5 CNC, Faculty of Medicine, University of Coimbra, 3030-548 Coimbra, Portugal

6 Cerena, Instituto Superior Tacnico, Lisboa, Portugal

The aim of this study was to identify potential links between environmental exposure to
potentially toxic elements (PTEs) and cognitive impairment/dementia in a group of elderly
subjects. The study involved 79 permanent residents from the city of Estarreja who were
over 55 years old. Hair samples were collected and analysed by ICP-MS to determine
elemental concentrations of aluminium (Al), manganese (Mn), iron (Fe), copper (Cu), zinc
(zZn), mercury (Hg) and lead (Pb). The clinical health status of the participants was assessed
through a cognitive screening test, the Mini-Mental State Examination (MMSE), further
supported by a comprehensive socio-demographic questionnaire. The questionnaire allowed
obtaining information regarding individual characteristics, daily habits, medical record,
education level and factors directly associated with exposure, such as agriculture practices,
sources of water for consumption and irrigation, and crop consumption, which were used as
covariates. According to the MMSE results, the following health conditions were considered:
healthy subjects (HS), mild cognitive impairment (MCI) and dementia (DEM). The analysis of
variance resulted in statistically significant differences (p< 0.05) between health conditions
for the level of education and the amount of time residing in Estarreja. Pairwise comparisons
showed that 3 elements (Zn, Hg and Pb) changed significantly in DEM and 1 in MCI (Hg),
compared to HS. Interestingly to note that the three PTEs had a similar trend profile when
passing from HS through MCI and up to AD, showing increasing concentrations in the hair
samples. Elemental concentrations determined in groundwater samples collected from wells
and boreholes showed that, on average, only Zn and Hg are above the WHO guidelines for
drinking water.

53| Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

HO6

Pollutants in fish — Implications for human health

Laura Hubbard?!, Sharon Egan?, Elliott Hamilton?, Michael J Watts?, Amanda Gardner?,
Andrew Marriott? and Tracey J Coffey!

1 School of Veterinary Sciences, University of Nottingham, UK.

2 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Nottingham, NG12 5GG, UK

Fish are increasingly viewed as a safe, nutritious and affordable source of protein. With
global sales rising, capture fisheries output static or declining and a desire for more
sustainable sources of fish, aquaculture is the fastest growing livestock sector and estimated
to be providing close to two thirds of global food fish consumption by 2030. The United
Kingdom is a net importer of fish, partially as a result of the demand for more choice and
sustainably sourced fish, and as with any food product the public wants confidence in the
products that they buy. With guidelines from the Food Standards Agency (FSA) on the
tolerable weekly intake of fish, such as tuna, containing known pollutants, including mercury,
there is advice in place for their consumption, particularly to certain population groups
including pregnant women and children. However there are other pollutants that should be
monitored including the presence of antibiotic residues in the fish and the potential for the
development of antimicrobial resistance (AMR), either as a result of exposure to these
residues or through co-selection alongside heavy metal resistance (HMR).

This project investigated fish species, both farmed and wild caught, available for purchase in
the UK. We screened each for antibiotic residues, heavy metal contamination and bacterial
DNA. In addition, the presence of AMR and HMR genetic elements were determined. We
demonstrate the presence of multiple pollutants in these fish species and highlight
implications for fish safety and consumer health.
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Human exposure risk to persistent organic pollutants embodied in global marine fish
trade

Jianmin Ma', Tao Huang?
1 College of Urban and Environmental Sciences, Peking University, China

2 College of Earth and Environmental Sciences, Lanzhou University, China

Rapid increasing food trade in the globe poses food safety risks partly owing to the
environment contamination by persistent organic pollutants (POPSs) in the food origin
regions. Food safety inspection in the global food trade network is conducted randomly and
by "spot checks" which bears increasing difficulties owing to the high cost and rapidly raising
food trade in the globe. Here we develop a novel model framework and quantify potential
human exposure risks to polychlorinated biphenyls (PCBs), a group of industrial chemicals,
through the consumption of marine fishes under global food trade. We show that West and
Nordic Europe as a major PCB use area contributes 84% of the estimated daily intake (EDI)
of PCB-153 via fish consumption to the residents in Sub-Saharan Africa as a net marine fish
importer. The notable exposure susceptibility to PCBs in Central and North Asia also is
attributed to eating imported marine fishes from West and Nordic Europe. Fish consumers in
this part of Europe might exceed the tolerable daily intake but such the risk is reduced
through the ingestion of imported marine fishes from less PCB contaminated marine
environment in other countries compared to local fish ingestion. The modeling approach
developed in our study could be extended to identify human exposure risks to other food
items which are potentially contaminated by a wide variety of toxic chemicals embodied in
the global food trade.
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Integrating health and environment: a medical perspective
Alex G Stewart!, Ewan Wilkinson?, Andrew Hursthouse?®

1 University of Exeter,
2 University of Chester,
3 University of the West of Scotland

Multi-disciplinary approaches utilising a wide variety of sciences, but built on high-quality
environmental investigations, enable the management of complex and uncertain situations.
Environmental decisions (for example, remediation of contamination) are often focused by
existing or modelled health outcomes. High quality, accurate environmental investigations
into pollution and other environmental issues are vital to understanding health outcomes
attributable to the issue in hand, and to developing appropriate responses and remediation.
Environmental scientists need a basis understanding of health issues in understanding and
responding to disease and risk. Determinants of health operate across scales from the
individual's genes to the international level, often several levels acting synergistically.
Pathways, exposure, dose and individual receptor response also vary, modifying certainty.
An integrated, multi-agency public health risk assessment enables varying source-pathway-
receptor issues to be approached together to build a robust response. The effort needed and
the resulting impact on a community of an intervention or action to improve health is usually
directly opposite to the effort needed by, and resulting impact on, affected individuals;
balancing these takes patience, skill, knowledge and humour. However, they are not
sufficient on their own, needing careful integration with the wider contexts and stakeholder
agendas, without which any response to the environmental assessment may very well
founder. Such environmental approaches may benefit more people than any other health-
improvement strategy.
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Use of hot spot analysis to reveal spatial patterns and hidden information in
environmental chemistry

Chaosheng Zhang

International Network for Environment and Health, School of Geography and Archaeology,
National University of Ireland, Galway, Ireland.

Email: Chaosheng.Zhang@nuigalway.ie

With rapidly growing databases available at regional, national, and global scales,
environmental geochemistry is facing the challenges in the “big data” era. One of the main
challenges is to find out useful information from a large volume of data, and hot spot analysis
becomes a useful tool due to the requirement of spatial analysis at the “local” level. This
presentation focuses on the uses of hot spot analysis techniques to reveal spatial patterns
and hidden information. Spatial variation in soil geochemistry have been found at all the
sizes of regional (in square kilometers), field and micro scales (in square centimeters). The
techniques of hot spot analysis including local index of spatial association (LISA) and Getis
Ord Gi* and their applications are explained and investigated using examples of
geochemical databases in Ireland, China and the UK. The LISA is a useful tool for identifying
pollution hot spots and classifying them into spatial clusters and spatial outliers. The Getis
Ord Gi* is effective in identifying spatial clusters of both hot spots and cool spots. Both are
useful tools to identify spatial patterns of high and low values and to reveal hidden
information of spatial patterns which are helpful to pinpoint areas of interest with special
features, providing useful information for mineral exploration, environmental management
and agriculture. Meanwhile, the new opportunities have arisen from the current concept of
“big data”, but the challenges for more effective “data analytics” are emerging.
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On-site real time analysis of mercury contamination in environmental samples — a
portable electrochemical detection solution

CD Searle?, GJ Douglas?, M Dumas*, R Wambui? & C Kandala®

1 Trace20 Limited, The Technology Centre, Wagtech Court, Station Road, Thatcham,
Berkshire, RG19 4HZ, UK

2 Wagtech Africa Ltd, Blixen Court, Suite 15, Off Karen Road, P.O Box 2009-00502, Karen,
Nairobi, Kenya

3 Wagtech Zambia Ltd, Plot 12028, Twin Palm Road, Lusaka, Zambia

Mercury, being one of the most toxic elements that may be found in natural water bodies, is
of significant environmental concern, negatively affecting human and other living organisms’
health, as well as drinking water quality. Exposure to mercury, as outlined by WHO and in
several previous studies, can cause allergic reactions, neurological, renal and
gastrointestinal damage and even death.

Whether from naturally occurring sources, or as a by-product of anthropogenic activities,
control and limitation of harms associated with mercury contamination is one of the most
significant environmental and public health challenges of the century.

Whilst specific strategies have been developed to reduce mercury releases and to remediate
mercury contaminated areas, there continues to be a challenge in carrying out rapid,
accurate on-site monitoring to ensure contamination does not exceed the WHO drinking
water standard of >5 pg/L.

Mercury analysis in drinking water has special significance in Zambia, where careful
environmental monitoring around mining sites is essential to regulate water quality and
reduce or eliminate associated environmental stresses, as well as ensure the health and
wellbeing of the local population. Faster on-site analysis can lead to faster, and more
effective, corrective action

Rapid, accurate on-site monitoring and determination is essential, not only for immediate
human health concerns, but as a key component of effective water supply development
programmes to eliminate future exposure. A novel solution, utilising an electrochemical
analytical method incorporated into a portable instrument, is presented, for on-site
determination of mercury and other heavy metals with LOD > 1.0ug/L in water and soil
samples.
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Managing variability and uncertainty in geochemical information on soil: from
sampling to inference to communication.

Lark RM!2, Kaninga B2, Sakala G2, Maseke KK*, Hamilton EM? and Watts MJ?

1 School of Biosciences, University of Nottingham, UK

2 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Nottingham, UK

3 Zambia Agriculture Research Institute, Mount Makulu, Lusaka, Zambia
4 Copperbelt University, Kitwe, Zambia

Soil geochemistry is subject to many sources of variation at different spatial scales. In this
presentation we shall show how the linear mixed model (LMM) allows us to investigate
scale-dependent variation of geochemical variables, to undertake optimal spatial prediction
at unsampled locations, and to design sampling schemes for spatial variables which are
robust but also efficient.

Soil geochemistry is subject to many sources of variation at different spatial scales. In this
presentation we shall show how the linear mixed model (LMM) allows us to investigate
scale-dependent variation of geochemical variables, to undertake optimal spatial prediction
at unsampled locations, and to design sampling schemes for spatial variables which are
robust but also efficient.

We present a case-study on metal concentrations in cultivated soil subject to the influence of
mine wastes at a site near Kitwe in Zambia. We examine the scale-dependent variation of
metal concentrations and the evidence that this variation is explained, in part, by factors
such as basic soil properties and proximity to the waste deposits. We show how the
considerable uncertainty in inferences made from a sparse reconnaissance sample of the
site can be quantified and managed when the data are used to plan more detailed survey.

In a second case study we examine the variation of cobalt and manganese concentrations in
agricultural soils in the north of Ireland and implications for the risk of pine in grazing
ruminants due to Co deficiency. We shall show how the LMM facilitates a spatial analysis in
which the probability that soil conditions indicate a problem can be quantified. We shall also
show how psychological research on how to communicate uncertain information allowed us
to frame the outputs of this analysis in a suitable format for a range of stakeholders.
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Microwave Plasma — Atomic Emission Spectroscopy, a revolutionary new technique
and plasma source that increases performance while eliminating expensive gas
requirements

U. Noetzel!, J.-P. Lener?
1 Uwe Noetzel, Agilent Technologies, Hewlett-Packard-Str. 8, 76337 Waldbronn, Germany
2 Jean-Pierre Lener, Agilent Technologies SAS, Les Ulis, Essonne, FRANCE

*Corresponding email address: uwe_noetzel@agilent.com

Microwave Plasma - Atomic Emission Spectroscopy (MP-AES) represents a completely new
elemental analysis technique that has been designed to improve analytical performance and
productivity, while decreasing operating costs by eliminating the flammable and/or expensive
gas requirements used in typical elemental analysis techniques. The Nitrogen based plasma
operates from a compressed air supply and Nitrogen generator, resulting in a significant
reduction in operating costs and reduced infra structure costs. In addition, the state-of-the-art
design of the Agilent 4210 MP-AES reduces the humber of costly consumables such as
hollow cathode lamps used in Atomic Absorption techniques.

The MP-AES technique produces superior linear dynamic range, detection limits and
analysis speed compared to conventional flame Atomic Absorption Spectroscopy. Based on
an atomic emission technique, this elemental analysis technique produces simpler spectra
than ICP-OES and greater sensitivity than flame AAS.

We present an overview of the MP-AES technique, hardware, software and its capabilities.

Performance is demonstrated for a range of sample types including examples from the
geochemical, petrochemical, agricultural and environmental areas.
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Chromium dynamics affecting soil-to-plant transfer in close proximity to mine tailings

E. M. Hamilton®-2, S. D. Young?, E. H. Bailey?, G. Sakala®, K. Maseka*, M. Lark!2, M. J.
Watts!*

1 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Keyworth, Nottingham, UK

2 School of Biosciences, University of Nottingham, Loughborough, UK

3 Zambia Agricultural Research Institute, Mt. Makulu Central Research Station, Chilanga,
Zambia

4 Copperbelt University, Kitwe, Zambia

*Corresponding email address: ellha@bgs.ac.uk

Chromium (Cr) exists in the environment as two chemical forms, Cr(lll) and Cr(VI). Cr(lll) is
an essential micronutrient for glucose, insulin and protein metabolism whereas Cr(VI) is
toxic, carcinogenic and predominantly anthropogenic in origin. Differentiating between these
chemical forms allows for a better assessment of the human health risk from ingesting food
and drink contaminated with Cr(VI), such as those grown close to former/current mining
areas.

Here we show how a nested sampling design was used to assess scale dependence of
variation in Cr content and basic soil properties (soil pH, organic matter content) for soil at a
site near mine tailings in the Copperbelt region of Zambia. Soil Cr was mapped by kriging to
identify spatial trends and highlight areas with larger Cr concentrations. Using this
information, further sampling was undertaken to collect soils for glasshouse pot trials to
understand the impact that the different soil variables have on the transfer of total Cr and
Cr(VI) from soil to spinach, a staple crop grown at the site.

Future work includes hydroponic experiments using isotopically labelled Cr(lll) and Cr(VI) to
understand the plant compartments where species interconversions may occur, and an
examination of whether dust on crop surfaces may be a source of dietary Cr(VI).
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Isotopic composition of copper in soil and grass in Tsumeb mining district, Namibia

B. Kribek!*, A. Sipkovat, V. Ettler?, V. Majer?, I. Knesl!, M. Mihaljevic?, B. Mapani?, V.
Penizek?, A. Vanek*, O. Sracek®

1 Czech Geological Survey, 152 00 Prague 5, Czech Republic

2 Charles University, Faculty of Science, 128 43 Prague 2, Czech Republic

3 University of Namibia, Windhoek, Namibia

4 Czech University of Life Sciences Prague, 165 21 Prague 6, Czech Republic
5 Palacky University, Faculty of Science, 771 46 Olomouc, Czech Republic
*bohdan.kribek@geology.cz

The Tsumeb mining district (Namibia) is affected by prolonged exposure to multisource
contamination related to mining and smelting of copper ores. This study was intended to
assess the extent of contamination of topsoil and grass shoots using copper isotopic
composition. Compared to uncontaminated area (5%Cusoil = -0.01 to +0.14; 3%Cugrass = -
0.17 to +0.03 %o, respectively), the soil and grass in contaminated area are enriched in
heavy isotope (8%°Cusoil = +0.13 to +0.76 and d**Cugrass = +0.15— +0.64%o., respectively).
The &%°Cusoil-grass gives rise to small variations (-0.06 to +0.17) due to variable extent of
grass surface contamination, and therefore depending on grass washing procedure used.
The enrichment of soil and grass in contaminated area reflects the Cu isotopic composition
of old flotation tailings (8%°Cu =+0.95 to +1.1%o), slag (+0.11 to +0.55%0) and flue dust
particles (+0.15 to +0.49%.). The long history of mining and processing of copper ores in the
Tsumeb area and different isotopic composition of ore concentrates smelted in local
metallurgical plant do not allow to assess exactly whether the smelting process leads to
isotope fractionation of copper. However, the isotopic composition of the copper in
technological samples (sulfidic concentrate and flue dust) taken during several hours
showed that the dust collected from the dusthouse of the local smelter is isotopically lighter
(3%°Cu = + 0.15 %o) relative to the isotopic composition of the charge (3%°Cu = +0.28 and +
0.44 %o). The results of this investigation demonstrate that the isotopic composition of copper
in soils and grasses can be used to assess the intensity of contamination in areas where
copper ores are mined and processed providing that the isotopic composition of ore
processing products is different from the isotopic composition of uncontaminated soils and
vegetation. This study was supported by the Czech Science Foundation, Project 16-13142S.

62|Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

TO7

lodine uptake, storage and translocation mechanisms in spinach (Spinacia oleracea
L.)

O. S. Humphrey*?*, S. D. Young?, E. H. Bailey?, N. M. J. Crout?, E. M. Hamilton?, E. L.
Ander! and M. J. Watts?

1 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Keyworth, Nottingham NG12 5GG, UK

2 School of Biosciences, University of Nottingham, Luoghborough, UK

*Corresponding email address: olivier.humphrey@bgs.ac.uk

Approximately one-third of the world’'s population has inadequate iodine consumption.
Dietary supplementation with iodised salt is the most widely employed prophylaxis for
reducing iodine deficiency disorders (IDD), however, due to the epidemic level of IDD,
additional iodine delivery strategies are required. Phytofortification is an alternative approach
despite the widespread uncertainty regarding plant-iodine dynamics.

In this study we aim to identify and clarify plant-iodine interactions by assessing uptake,
translocation and storage mechanisms of iodine in spinach (Spinacia oleracea L.), a crop
which has previously been recommended for phytofortification programmes. lodine storage
was investigated in spinach cultivated in an inert growth substrate treated with iodide (I7) and
iodate (1037). Uptake mechanisms were assessed in short-term experiments (24 h) using
labelled radioisotopes; speciation of the extracted iodine present in the apoplastic and
symplastic root solutions were determined by HPLC-ICP-MS. Finally, iodine translocation
through the phloem to younger leaves was assessed using a foliar application with labelled
radioisotopes.

The results from this study show that spinach has the ability to accumulate iodine in edible
plant tissue, with no significant difference in uptake between I~ and I03;~. The uptake
experiment results suggest that iodine uptake is predominantly passive, however, |- can be
absorbed actively through the symplast. The spinach roots also displayed the ability to
convert 103~ to I7in solution. The results from the foliar fertilisation experiment suggest that
iodine is suitable for foliar fortification programmes as iodine was successfully absorbed and
stored in the leaves. However, the degree to which iodine can be transported through the
phloem to new leaves is severely limited, with <2% of the absorb iodine available for
translocation.

63|Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

Wednesday 4th July - Poster presentations
P23

People and profit in mining: well-being and wealth
Alex Stewart

University of Exeter

Life relies on the proper use of the earth's resources. Mining has been characterised by
opponents as dirty, producing derelict sites, being dangerous and disease ridden, and,
overall, degrading the environment. While it is useful to map the sites of the largest deposits
and the largest mines on a global scale, the greatest health impacts come, not from large
mines, but from the huge numbers of artisanal and small-scale mining, such as for gold.
Sustainable development relies on equality between environmental, economic and social
issues: we currently suffer from unsustainable development since the economy over-rides
the others. Large-scale projects generate large-scale profits and attract relatively large-scale
opposition. Small-scale mining attracts little attention, and the full costs (including social
[poverty; family, community disruption], health [disease, disability, death]) often outweigh
profits. Health effects of mining include communicable disease, mental ill-health, cancer,
respiratory and cardiovascular disease, injuries, skin and eye conditions. Profits include
wealth generation, good communications and transport, indeed: civilisation as we know it.
Governments, communities and industry have strengthened health systems but the results
remain mixed, probably because a wide enough assessment of issues is lacking. Health is
more than no disease, it is an active strength that makes us human. Health operates from
genes to international relations: mining, like so many things, affects health at many, if not all,
levels. SEGH members have important roles to play to improve mining and health without
one impairing the other.
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A One Health Investigation of the Potential Impact of Legacy Trace Metal
Contaminants

Lisa Yon!, Matthew Johnson?, Phil Rainbow?, Kerstin Baiker?, Scott Young*

1 School of Veterinary Medicine & Science, University of Nottingham, UK;
2 School of Geography, University of Nottingham, UK;

3 Natural History Museum, London, UK;

4 School of Biosciences, University of Nottingham, UK

The Wemyss and Frongoch lead and zinc mines are located south east of Aberystwyth in
the Ystwyth Valley in Wales. The mines closed in the early 20th century, but still serve as
significant sources of lead, zinc and cadmium into the local environment. Thus, local
watercourses fail to achieve environmental quality standards required by the European
Union Water Framework Directive (WFD).

Whilst ecotoxicology studies provide information on the lethal metal limits in many
organisms, little is known about the transfer of bioaccumulated metals from freshwater
environments into terrestrial food chains. Extremely high accumulated metal concentrations
have been detected in caddisfly and mayfly larvae from streams in the area of these mines,
and there is apparent depletion of stream fauna, including loss of fish, from areas
immediately downstream of the mines. Local terrestrial habitats could also be negatively
affected by toxic metal exposure, via the contamination of soil, and potentially from insects
emerging from local streams, introducing metals into terrestrial food chains.

A pilot study was undertaken to explore the level of metal contamination in the environment
and its potential accumulation in terrestrial food chains at various trophic levels, including
invertebrates, and small mammals living in the vicinity of the mine sites. In addition, post
mortem tissues from domestic ducks from a house four miles downstream from the mine
sites were also sampled. Preliminary assessment was also made of the potential
accumulation of these trace metals in eggs from the ducks living at this house, as these
could represent a potential route of entry of these contaminants into the human food chain.
Results indicated that trace metal levels were indeed elevated in the animals sampled in the
immediate vicinity of the mine sites, and in the waterfowl living downstream from the sites,
as well as in their eggs. These results suggest that, over a century after the closure of these
mines, the trace metals from the mine waste continue to serve as a source of pollution, with
ongoing ecotoxicological effects, making it vital to better understand the ongoing threat to
environmental, animal and human health which these legacy contaminants represent.
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Environmental Geochemistry and Cancer: Exploring the Link
Daniel R. S. Middleton?, Valerie A. McCormack?!, Joachim Schiiz* and Michael J. Watts?

1 Section of Environment and Radiation, International Agency for Research on Cancer,
Lyon, France

2 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Nottingham, UK

With 14.1 million new cases and 8.2 million cancer deaths in 2012(1), cancer is a leading,
and rising, cause of global mortality. Many cancer types, particularly in developing countries,
remain undiagnosed until reaching a stage at which treatment is futile. Primary prevention
remains the most feasible approach to curbing the burden in such circumstances. A
landmark 1981 review (2) estimated the proportion of US cancer deaths attributable to
different factors and these estimates have generally held true (3). Attempting to quantify the
role of environmental geochemistry in such estimates is a non-starter and varies from
country to country. However, factors such as diet (responsible for an estimated 20-40% of
US cancer deaths) are underpinned by local geochemical environments, particularly in the
subsistence farming communities of many developing countries that still share an intimate
relationship with the land. An appreciable number of IARC Group 1 carcinogens are naturally
occurring agents of geochemical origin (e.g. arsenic, radon, silica). Conversely, supplies of
essential components (e.g. selenium and zinc) of the DNA repair machinery that keeps
cancer at bay are determined by soil geochemistry. This summary will draw on historical
examples and ongoing research on arsenic in drinking water in the UK and the
environmental risk factors of oesophageal cancer in East Africa to discuss how
environmental geochemistry bears relevance to the biological mechanisms that drive cancer.

(1) Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer
incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer. 2015;136(5):E359-E86.

(2) Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer
in the United States today. JNCI: Journal of the National Cancer Institute. 1981;66(6):1192-
308.

(3) Blot WJ, Tarone RE. Doll and Peto’s quantitative estimates of cancer risks: holding
generally true for 35 years. JNCI: Journal of the National Cancer Institute. 2015;107(4).
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Expression pattern of superoxide dismutase in preschool children from electronic
waste recycling area

Qihua Wang?, Xijin Xu?, Xia Huo?*
1 Shantou University Medical College, Shantou 515041, Guangdong, China
2 School of Environment, Jinan University, Guangzhou 510632, Guangdong, China

*xhuo@jnu.edu.cn

Reactive oxygen species are produced during the internal metabolism of organic pollutants
in electronic waste (e-waste) recycling area. Superoxide dismutase (SOD) plays an
important role in scavenging superoxide radicals in vivo, and further protecting vascular
endothelial from oxidative damage. Children in e-waste recycling area have been found by
our previous studies to suffer from various heavy metals and organic pollutants. This study
aimed to explore the difference of serum total SOD concentrations in e-waste exposed
children and reference children, revealing weaker ROS defense in blood vessels of e-waste
exposed children.

Methods

A total of 148 children, 2- to 6- years of age, were recruited. Among them, 73 children were
from Guiyu, an e-waste recycling area (the exposed group), while the others were from the
reference area Haojiang. Peripheral blood was collected to measure serum total SOD
concentrations by ELISA kits. SOD concentrations of exposed group and reference group
were compared by non-parametric test by SPSS 22.

Results

Compared to the reference group, the exposed group had lower concentrations of SOD, and
similar differences were found after the children were divided by gender or age. Serum total
SOD concentration was lower in e-waste exposed group than in reference group, suggesting
weaker protection from ROS and higher ROS damage risk in vascular endothelial cells in e-

waste exposed children.
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Effects of diclofenac on the expression of Nrf2 and its downstream target genes in
mosquito fish (Gambusia affinis)

S Bao, RK Ou, XP Nie,
Department of Ecology, Jinan University, Guangzhou 510632, China

Corresponding author address: txpnie@jn.edu.cn

Diclofenac (DCF) is one of widely used non-steroidal anti-inflammatory drugs. Recently, this
drug has been universally detected in aquatic environment. However, its potential adverse
effects and oxidative stress toxic mechanisms on fish remain unclear. In the present study,
we first cloned the crucial partial sequences of some key oxidative stress related genes,
which include NF-E2-related factor 2 (Nrf2), NAD(P)H: quinoneoxidoreductase (NQO1),
glutamate-cysteine ligase catalytic subunit (GCLC), Cu-Zn superoxide dismutase (SOD2),
catalase (CAT), alpha-glutathione S-transferase (GSTA), and UDP-glucuronosyltransferases
(UGT) in mosquito fish (Gambusia affinis). The transcriptional expression of these genes
and partly related enzymes activities were then investigated under the included
environmental relevant concentration DCF exposure (0 umolL-1, 1.572x10-3 ymol L™,
1.572x10-2 pmol L™, 0.1572 ymol L™ and 1.572 ymol L™) for 24 h and 168 h. The
expression of Nrf2 was inhibited at 24 h but induced at 168 h, exhibiting a significant time
and/or dose-effect relationship under DCF exposure. Similar observation was found in its
downstream target genes. However, Nrf2-mediated antioxidant enzymes activities displayed
differently under the same concentration of DCF exposure for the same time. Under DCF
exposure for 168 h, the genes exhibited dramatic induction trend, but there were no
significant changes in enzyme activities and MDA content. Overall, mRNA responses were
more sensitive than enzyme changes in mosquito fish under DCF exposure.
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Long non-coding RNA (IncRNA) involved in the toxicological effects of PM2.5
exposure

Sijun Dong*

Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China;
Email: sjdong@iue.ac.cn

Serious air pollution, especially fine particulate matter (PM2.5, particles with an aerodynamic
diameter of 2.5 ym or less), is a major health concern. However, the molecular mechanisms
have still not been fully elucidated. Long non-coding RNA (IncRNA) is involved in various
physio-pathological processes. We investigated the roles of IncRNA to reveal the toxicology
of PM2.5. Organic extracts of PM2.5 from Nanjing and Shanghai cities were adopted to treat
human bronchial epithelial cell lines (BEAS-2B and A549). RNA sequencing showed that the
IncRNA functioned as antisense RNA, intergenic RNA and pre-miRNA. The mRNA profiles
were also altered after exposure. PM2.5 from Nanjing showed a more serious impact than
that from Shanghai. In detail, higher expression of n405968 was positively related to the
elevated mRNA levels of inflammatory factors (IL-6 and IL-8). Increasing levels of metastasis
associated lung adenocarcinoma transcript 1 (MALAT1) were positively associated with the
induced epithelial-mesenchymal transition (EMT) process. Similar response was observed
between both cell lines. The higher content of polycyclic aromatic hydrocarbons (PAHS) is
likely to contribute to higher toxicity of PM2.5 from Nanjing than that from Shanghai.
Antagonism of aryl hydrocarbon receptor (AHR) or inhibition of CYP1A1 diminished the
effects stimulated by PM2.5. Our results indicated that IncRNAs could be involved in the
toxicology of PM2.5 through regulating the inflammation and EMT process.
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lodine status in Western Kenya: Urinary lodine Concentrations
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Odipo Osano*
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Approximately 2 billion people are still estimated to be at risk of iodine deficiency disorders
(IDD) worldwide. The most severe consequences occur during foetal and early childhood
development and can later manifest as goitre and impaired cognitive development. The
iodine status of populations can be quantified based on the prevalence of goitres or
increasingly common is the use of urinary iodine concentration (UIC). Over 90% of ingested
iodine is rapidly excreted in the urine making it a reliable biomarker for an individuals status,
as well as providing ease and cost effectiveness of collection?.

The greatest prevalence of iodine deficiency is in Africa among school age children (SAC) at
39.3% (58 million). In Malawi, 35% of the national population (calculated from SAC) still
present a UIC of <100 pg/L, therefore considered mild or severely deficient, whilst the 2010
Malawi Demographic and Health Survey reported that 62% of households were consuming
adquately iodised salt. Often the success of salt iodisation strategies is not maintained
through lack of consistent and sustained monitoring of iodised salt, which can be problematic
for both deficiency and excess iodine intakes.

Excess iodine intake can be damaging for the thyroid, but little is known of the effects of
excess iodine intake?. An increasing number of reports are showing that excess iodine
intake is on the rise, with iodine intake now being a problem of both deficiency and excess in
many regions?3. We will present data for 157 individuals from Western Kenya for whom
dietary samples, water, soil and urine were collected across diverse landscapes. Of these
samples and according to UIC,10% were iodine deficient (<100 pg/L), 41% considered
iodine sufficient (100-300 ug/L), whilst 47% were considered to have an excess iodine intake
(>300 pg/L). In general, UIC are compared across studies and for examining population
status without considering hydration adjustments, such as using creatinine, osmolality or
specific gravity to account for the hydration status or dietary intake of the individual. The
implications of using such methodology will be discussed.

References

1 Andersson, M. et al. (2012). Global iodine status in 2011 and trends over the past decade, J. Nutr.
142, 744-750.

2 Farebrother, J. et al. (2018). The effect of excess iodine intake from iodised salt and/or
groundwater iodine on thyroid function in non-pregnant and pregnant women, infants and children: a
multicenter study in East Africa, Thyroid (in press).

3 Watts, M.J. et al. (2015). lodine source apportionment in the Malawian diet, Scientific Reports, 5,
15251.
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HIGH ACTIVE AND STABLE LACCASE ISOLATED FORM BACILLUS SP. GZB AND ITS
APPLICATION FOR THE BPA DEGRADATION

Ranjit Das'?, Taicheng An?, Guiying Li'*

1 Guangzhou Key Laboratory of Environmental Catalysis and Pollution Control, School of
Environmental Science and Engineering, Institute of Environmental Health and Pollution
Control, Guangdong University of Technology, Guangzhou 510006, China.

2 The State Key Laboratory of Organic Geochemistry and Guangdong Key Laboratory of
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Chinese Academy of Sciences, Guangzhou 510640, China

*Corresponding author. Tel: (86-20)-2388 3536, E-mail: ligy99@gdut.edu.cn

Environmental evidence of endocrine disruptor compounds especially Bisphenol A (BPA)
from both natural and anthropogenic origins cause deleterious effects on the Earth biota.
Microbial degradation provides a great platform to design an appropriate bioremediation
technology and which is further flourished by microbial metabolic insight by genomic study.
The strain Bacillus sp. GZB was isolated by our research group from a sludge of a creek in
an electronic-waste recycling site and applied for BPA degradation.

Furthermore, laccase isolation, characterization, and application for the degradation of BPA
were carried out. The spore-laccase encoded 513 amino acids containing cotA protein,
showing optimal activity at 70 °C and pH 7.2 with 2,6-DMP, whereas 60 °C and pH of 3.0
and 6.8 with ABTS and SGZ, respectively. The spore laccase gene was cloned and
expressed in E. coli BL21 (DE3), the purified protein was estimated with a molecular weight
of ~63 kDa by SDS-PAGE. Finally, the spore laccase and expressed recombinant laccase
from Bacillus sp. GZB was applied for BPA degradation. Results showed that 10 mg L of
BPA was completely degraded within 30 and 14 h by spore laccase and recombinant
laccase, respectively. GC-MS analyses were employed to identify several intermediates and
propose the degradation mechanism during BPA degradation.

Acknowledgement: This work was financially supported by the NSFC (41425015, 41573086
and 41373103) and Science and Technology Program of Guangzhou, China
(201704020185).
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The formation mechanism of persistent free radicals in carbon-based materials and
the mediated transformation of refractory organic contaminants

Yaxin Qin, Guiying Li, Taicheng An*
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Control, Guangdong University of Technology, Guangzhou 510006, China.

*Corresponding author E-mail: antc99@gdut.edu.cn

Carbon-based materials, which were widely existed in natural environment, played important
role in the migration and transformation of refractory organic contaminants (ROCSs) in natural
environment. They not only exhibited excellent adsorption abilities, but also contained
abundant persistent free radicals (PFRs). These PFRs can activate oxidants (O, H.O; and
persulfate) or reductants (dithiothreitol or H,S) through the direct electron transfer process to
produce reactive species for the degradation of ROCs. Some studies even indicated that
PFRs in biochar particles can directly degrade PNP adsorbed onto the surface through the
denitration process. Therefore, we summarized the formation mechanisms of PFRs in
different carbon-based materials synthesized through pyrolysis and hydrothermal
carbonization as well as their further applications in the removal of ROCs. And all the
synthesis temperature, time, and carbon sources were found that they would significantly
influence the types and concentrations of PFRs and thus affect the removal efficiency of
ROCs mediated by carbon-based materials. Meanwhile, we utilized the several kinds of
saccharides as the precursors for the synthesis of hydrothermal carbon, and systematically
investigated the effects of hydrothermal carbon on the degradation of alachlor in the
Fe(111)/H.O, Fenton-like reaction. All of the hydrothermal carbon could enhance alachlor
degradation in Fe(ll1)/H.O. Fenton-like system by promoting the Fe(lll)/Fe(ll) cycle via
electron transfer from PFRs in hydrothermal carbon to Fe(lll) ions. Moreover, the hydroxyl
groups on the surface of hydrothermal carbon also significantly enhanced the electron
transfer process because they could complex with Fe(lll) adsorbed on hydrothermal carbon.

Acknowledgement: This work was financially supported by the National Natural Science
Funds for Distinguished Young Scholars (41425015), NSFC (41573086) and Science and
Technology Project of Guangdong Province, China (2017A050506049).
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Exploiting click chemistry in the covalent immobilisation of Tetra (4-
Propargyloxyphenoxy) metallophthalocyanines onto Phenylazide-grafted gold
surfaces for detection of Hydrogen Peroxide

D. Mwanza'*, S. Mvango?, S. Khene?, T. Nyokong*, P. Mashazi®
1. The Copperbelt University, P.O Box 21692, Kitwe.
2-5. Rhodes University, P.O. Box 94, Grahamstown, 6140.

Email g14m8712@gmail.com

In this study, tetra-(4-propargyloxy)phenoxy phthalocyanines (MTPrOPhOPCc) were
covalently immo-bilized as thin films onto gold surfaces via click reaction. The gold electrode
surfaces were pre-functionalized with phenylazide (Au-PAz) thin film using in-situ diazonium
generation followed by electrografting. Copper () catalyzed alkynyl-azide cycloaddition
(CuCAAC) reaction was used to covalently immobilize the MTPrOPhOPcs onto the gold
electrode surfaces to form Au-PAz-MTPrOPhOPc. The MTPrOPhOPcs were further studied
for their electrocatalytic and electroanalytical properties towards the detection of hydrogen
peroxide. Au-PAz-MTPrOPhOPc exhibited good reproducibility and stability in various
electrolyte conditions.

Electrochemical and spectroscopic surface characterization of the functionalised gold
electrode surfaces confirmed the presence of the phenylazide and MTPrOPhOPC thin
monolayer films. The excellent electroanalysis of hydrogen peroxide with the limit of
detection (LoD) and limit of quantification (LoQ) in the mM range was obtained.

The electrocatalytic reduction peaks for H,O, were observed at -0.37 V for Au-PAz-
Mn(OAc)TPrOPhOPc and -0.31 V for Au-PAz-CoTPrOPhOPc when Ag|AgCI pseudo-
reference electrode was used. The Au-PAz-Mn(OAc)TPrOPhOPc and Au-PAz-
CoTPrOPhOPCc gold electrode surfaces showed good sensitivity and reproducibility towards
the electrocatalytic reduction of hydrogen peroxide in pH 7.4 phosphate buffer solution.
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Impact of the 2015/16 EI Nino on rural water security in Ethiopia

R A Bell!, A M MacDonald?, S Kebede®, T Azagegn®, D J Lapworth?*, A A McKenzie*, M
Tayitu®, D C Gooddy*, W G Darling*

1 British Geological Survey, Keyworth, Nottingham, UK
2 British Geological Survey, Edinburgh, UK

3 Addis Ababa University, Addis Ababa, Ethiopia

4 British Geological Survey, Wallingford, UK

Email: rabell@bgs.ac.uk

The 2015/16 El Nino led to widespread food and water insecurity in Ethiopia, particularly in
rural areas where provision of assistance is most difficult. Groundwater is considered to be
a resilient source of drinking water and able to buffer inter-annual changes in rainfall.
However, the impact of extreme climate events on groundwater and the resilience of
different groundwater sources are during periods of stress is poorly understood. This paper
describes new observations, including high frequency groundwater level monitoring and
indicators of groundwater residence time, which have been collected since the 2015/16 El
Nino. This information, combined with conventional stable isotope and geochemistry data
collected throughout the drought and subsequent recovery, is used to provide an
assessment of groundwater vulnerability to drought. Two study areas, Kobo and Lay Gaynt
in the Amhara region of Ethiopia, identified as having a suitable number of water sources
including springs, hand dug wells (HDW) and drilled shallow wells, formed the basis of this
study. Rapid recharge during post-drought storm events was shown to lead to a rapid
deterioration in microbiological water quality, most noticeable in the shallow HDWs. An
assessment of inorganic water quality in both study areas showed concentrations above the
WHO drinking water guidelines for fluoride (4.5%), nitrate (12%) and lead (3.5%). The issue
of nitrate is widespread, but for the most part limited to HDWSs, often with poor sanitary
protection. Residence time indicators are being used to investigate aquifer recharge
processes and identify groundwater sources that have more built-in resilience to drought.
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Endocrine Disruptors and the Microbial Ecology of Hippo Pool, Chingola, Zambia
Gezile Mbewe!, Kenneth Maseka?', Kwenga Sichilongo? and Moola Mutondo?

1 Copperbelt University, Zambia,
2 University of Botswana

Extractive mining processes, agriculture and other various anthropogenic activities are
known source of endocrine-disrupting chemicals in the environment. Two bacterial strains
were isolated from Hippo Pool, a site in Zambia’s Copper-mining region north of Chingola,
and identified as Pseudomonas aeroginosa and Pseudomonas putida based on
microbiological and biochemical tests. The Pseudomonas aeroginosa isolate was able to
grow on a cocktail of organochlorine pesticides (OCPs) as the carbon source with an
optimum pH of 6 and optimal growth temperature of 30°C. A metagenomic approach was
used to further investigate the microbial ecology of Hippo Dam in order to identify possible
bacteria capable of the biodegradation of Endocrine Disrupting Chemicals (EDCs). Bacteria
from genera known to be able to biodegrade various EDCs were detected using the 16S
rRNA gene sequence analysis including Gordonia westfalia, Sphingomonas kaistensis,
Bordatella trematum and Pseudomonas knackmussii. The data showed an
overrepresentation of Porphyrobacter tepidarius, Anabaena cylindrica, Nitriliruptor
alkaliphilus and Dietzia maris. The genus Dietzia is only recently described and is of
particular concern as it has been shown to harbour pathogens of emerging clinical
significance.
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Evaluation of the phytoremediation potential of lemon grass (Cymbopogon citratus)
and vetiver grass (Chrysopogon zizanioides) in lead contaminated soils

M. Mwansa?!, B.H. Chishala?, S. Mutiti®, Y. Uchida®*
1 Ministry of Agriculture, Extension Services Department, ShiwanG’andu, Zambia.
2 University of Zambia, School of Agricultural Sciences, Soil Science Department, Zambia.

3 Department of Biological and Environmental Sciences, Georgia College and State
University, Milledgeville, USA

4 Faculty of Agriculture, Hokkaido University, Japan

Corresponding: mukuka86@gmail.com

Heavy metals are an important category of the industrial pollutants due to their non-
biodegradability. One of the most cost-effective strategies for dealing with heavy metal
contamination is phytoremediation. This study evaluated the potential of vetiver and lemon
grasses for use in phytoremediation of lead (Pb) polluted soils. Soil samples were collected
from Kabwe mine tailings and an adjacent neighborhood for the pot experiments in
concentrations of 0 ppm, 720.5 ppm, 865.5 ppm, 1510 ppm, 1551.8 ppm and 1587.7 ppm.
After 120 days of growth, both vetiver and lemongrass grew in all the Pb contaminated soils
and Pb-free soils. There was a decrease in biomass yield with an increase in the soil Pb
concentrations (from 134.0 g in O ppm to 64.3 g in 1587.7 ppm, and from 98.0. g in O ppm to
52.1 g in 1587 ppm for vetiver and lemon grasses respectively). Both lemon and vetiver
grass accumulated substantial amounts Pb, which was more in the roots than the shoots (P
< 0.05) (bioaccumulation factor < 1, bioconcentration factor > 1). Lemongrass accumulated
0.73% (7300 mg/kg) Pb in the roots, and 0.13% (1300 mg/kg) Pb in the shoot. In contrast,
vetiver grass took up 0.4% (4000 mg/kg) Pb in the roots and 0.29% (2900 mg/kg) Pb in the
shoots. Both kinds of grasses are not hyperaccumulators of Pb as their translocation factor
was < 1. Due to its deep-reaching fibrous root system, vetiver grass is suitable as a
phytostabilizer (BCF > 1). Both plant types are suitable for phytostabilization and
revegetation of the Pb contaminated tailings.

Keywords: Lead, Vetiver grass, Lemongrass, Phytoremediation and Mine Tailings.
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The oral bioaccessibility of potentially toxic elements in soil, outdoor and indoor dust
from kindergartens in the city of Estarreja (Portugal)

Paula Marinho Reis?, T. Cocerva?, S.F. Cox?, M. Carey?, M.Cabral Pinto1#, J. Wragg®, M.
Cave®, T. Orsiare®, V. Ettler”, Y. Noack®

1 Geobiotec, University of Aveiro, Campus de Santiago, 3810-193 Aveiro, Portugal

2 School of the Natural and Built Environment, Queen's University Belfast, Belfast, UK
3 Institute for Global Food Security, Queen's University Belfast, Belfast, UK

4 CNC, Department of Earth Sciences, University of Coimbra, Portugal

5 British Geological Survey, Keyworth, Nottingham, UK

6 Aix-Marseille Universitas CNRS, IMBE, Marseille, France

7 Faculty of Science, Charles University, Prague, Czech Republic

8 Aix-Marseille Universitas, CNRS, CEREGE, Aix en Provence, France

Ingestion of indoor dust is one of the most common routes of exposure to environmental
pollutants for the general population, with children at a higher risk compared to adults. Ergo,
an interdisciplinary study encompassing five kindergartens of the Estarreja municipality is
currently underway. Indoor dust, playground dust, and garden soil samples were collected
from the kindergartens. Near total concentrations of 51 elements were determined by ICP-
MS and the oral bioaccessibility of chromium (Cr), cobalt (Co), nickel (Ni), cadmium (Cd),
arsenic (As) and lead (Pb) was estimated using the Unified BARGE Method. The Kruskal-
Wallis omnibus test showed that there were no significant differences in the total and
bioaccessible concentrations of Co and As in soil, outdoor and indoor dust samples.
Pairwise comparisons performed using the Dunn-Bonferroni post hoc method showed
different distribution patterns for the PTEs under study. Three elements (Cd, Ni and Pb)
show significant differences (p< 0.05) between total concentrations in soil and indoor dust
samples, as well as between bioaccessible concentrations in the UBM stomach extracts of
soil and indoor dust. For Pb, the intestine stage does not show significant differences
between the three types of samples. Only Ni shows significantly (p< 0.01) strong correlations
between the total concentration and the bioaccessible fraction, calculated either in the
stomach or in the intestine UBM stage. While the stomach bioaccessible fraction (BAF)
increases in the order soil; outdoor dust; indoor dust, the intestine BAF shows an inverse
trend. Metal speciation and Pb isotopes data are invaluable tools to understand better the
bioaccessibility estimates.
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Challenges for developing laboratory capacity in Africa for Agriculture, Environment
and Health Research

B. Kalunga?, D. Samoei?, T. Tendayi®, W. Kaumba®*, T. Gwandu®, E. Mbewe®, L. Singano’,
L. Wilson8, C. Gowing® and MJ Watts®
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2 School of Environmental Sciences, University of Eldoret, Eldoret, Kenya,

3 Department of Soil Science and Agricultural Engineering, University of Zimbabwe, Harare,
Zimbabwe

4 Copperbelt University, Kitwe, Zambia,

5 Department of Research and Specialist Services, Harare, Zimbabwe,

6 School of Environmental Sciences, Lilongwe University of Agriculture and natural
Resources, Lilongwe, Malawi

7 Department of Agricultural Research, Lilongwe, Malawi,

8 University of Nottingham, Loughborough, UK,

9 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Nottingham, UK

Africa as a continent is often viewed as a continent dependent on aid. Behind this
perception, scientists press on with applied research despite limitations in funding and
access to the latest technology. Tried and tested approaches to laboratory analyses, field
trials and applications of empirical knowledge to help answer some real soil, agricultural and
health problems is highly active, often engaging in international networks to fill gaps in
technical capacity e.g. laboratory analyses. However, greater emphasis is heeded for
regional cooperation within Africa to generate local capacity through shared experience of
strengthening technical capacity in a similar environment, rather than relying on dispatch of
samples to far-flung laboratories or development projects for up to 3-5 year duration, before
attention is switched elsewhere.

This presentation discusses the challenges and gaps in capacity faced by laboratory
scientists in Africa from 8 institutes across four African countries supporting applied research
via agriculture-environmental analyses and is of relevance to analytical scientists in other
disciplines. By and large, there are deficiencies in the training and retention of analytical
scientists in Africa capable of developing new methodologies fit-for-purpose, whilst
incorporating the latest technology. Often the greatest challenge for African laboratories is in
building trust and confidence in data output. This could be better supported through
improved buy-in from management or applied scientists (e.g. plant/soil science) to contribute
to a wider vision, resourcing and empowerment for laboratories on a long-term basis that
includes training, retention and career development of laboratory scientists. This vision might
include an ambition to attain formal accreditation to a local or international award body.
However, evidence of robust systems of work are firstly required, including: quality
assurance, health & safety, infrastructure management, documented standard operating
procedures, investment in staff, purchasing processes, environmental/sample/reagent
management (waste disposal), all to fit within a management system that is fit for scrutiny by
auditors both internal and external. This presentation also discusses how the partners from
this consortia are addressing some of these issues together with colleagues from the UK
with support from funding bodies including the Commonwealth Scholarship Council-UK,
Royal Society of Chemistry and Royal Society-DFID schemes to support Africa-Africa and
Africa-UK initiatives. Ultimately accreditation is not essential, but such measures are
required so that data is trusted at an international/peer review level.
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A suite of nine soil reference materials for targeted environmental geochemical
analysis

Gowing, CJB?, Watts MJ !, Wheeler J?, Brettle CR?, Mills AJ!, Kalra MK?!, Raja M, Wallis H?,
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1 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological
Survey, Nottingham, UK.
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Corresponding author: cijbg@bgs.ac.uk

Accurate chemical analysis depends on well characterised Reference Materials. The need
for determination of as many elements as possible has grown as the number and variety of
applications has developed. Existing sets of soil reference materials have proved popular
and supplies have become depleted, especially in those that had a full suite of elemental
concentrations.

Reference Materials preparation and characterisation has been carried out at BGS over the
past 50 years; the first Interlaboratory investigation of accuracy in ore analysis was carried
out by the then Institute of Geological Sciences in 1968. Since then further ores and mineral
concentrates have helped establish accurate and consensual analysis in the mining sector
and more recently soil and stream sediment samples are helping provide Quality Control for
multielemental geochemical analysis programmes and contaminated land analysis.

A suite of nine soil samples have been collected at rural sites across Ireland, selected to
represent a diverse underlying geology and soil matrix (i.e. limestone, sandstone, shale,
granite, serpentinite, Pb-Zn deposits,). The suite comprises soils that have enhanced levels
of trace elements that have environmental significance (e.g. As, Mo, Cd, Hg), are influence
human and animal nutrition (e.g. As, Se, |, Hg) and are of particular interest in geochemical
exploration (e.g. Cr, Ni, Zn, Pb, U) as well as those of complementary matrix with relatively
low levels of such elements. Together they represent a comprehensive set of materials that
cover a range of geology on a National scale.

In order to produce materials in quantities of 30-75 kg, a bespoke mixing barrel has been
designed to increase the efficiency of homogenisation. Representative sample splitting
reduces portion sizes to 30-80 g suitable for dispatch to laboratories. The materials have
been tested for homogeneity using XRFS for 54 elements and for loss on ignition. A
cooperative analysis exercise is being undertaken to establish robust composition
concentration values and their uncertainties.
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Developing a liquid scintillation counting method for measuring radon-222 activity in
groundwater

Gowing CJ, Dinsley J, Gallannaugh E, Marriott AL, Smedley P, Bowes M and Watts MJ

Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological Survey,
Nottingham, UK

Corresponding author: cijbg@bgs.ac.uk

There are a number of concerns over the release of radon and its daughter radionuclides
from the crust. Drinking of water containing radon has been linked to an increased risk of
developing internal organ cancers such as stomach cancer. In addition to this, should the
radon from this water exsolve into the air as gas in confined spaces — such as the degassing
of domestic water in houses that use groundwater sources — then it can build to dangerous
levels (WHO, 2014).

It is believed that should the waste waters leach from pipework past the water table during or
after hydraulic fracturing has taken place, the groundwater can then act as a transport route
for dissolved radon. A background survey is necessary to establish baseline state of
groundwater with a future aim to monitor potential impact of hydraulic fracturing on it.

This poster describes the development of a method to measure radon-222 levels in
groundwater via liquid scintillation counting (LSC) after mixing with a cocktail of Ultima
Gold™ scintillators (Perkin Elmer.). Background information describing radon and its risk to
human health, the basic principles behind LSC, as well as some context to the project are
also presented.

The development stages involved a range of tests being run on scintillator cocktail and other
analytical parameters, using a radium standard as a persistent source of radon. The initial
validation of the method and the accuracy of the results received shows good agreeability
with analysis of 22 field samples by Gamma Spectrometry (Canberra HPGe detector).

The method shows promise for a faster analysis of groundwater samples than gamma
spectrometry, with a higher sample throughput and shorter run time.

Reference

WHO, 2014. Radon and Health. [Online] Available at:
http://www.who.int/mediacentre/factsheets/fs291/en/ [Accessed 22 February 2016]
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Fractionation of Sulphur isotope ratio analysis by ICP-MS/MS
Naoki Sugiyama?, U. Noetzel?

1 Agilent Technologies, Tokyo, Japan

2 Agilent Technologies, Waldbronn, Germany

*Corresponding email address: uwe noetzel@agilent.com

Sulphur isotope ratio (IR) is used as a useful indicator in geochemical and biochemical
studies. The ratio to the two major stable isotopes 3*S/3?S varies significantly, ranging from -
50%o to +40%o., in nature by redox reaction. We applied a new apparatus, Triple Quadrupole
ICP-MS (ICP-QQQ) for the S IR analysis as the faster and simpler technique.

ICP-QQQ is a tandem MS ICP-MS featuring high capability to resolve spectra interference
using reaction cell technologies, allowing to measure S at low concentration (back equivalent
concentration < 0.5 ppb in UPW) with high sensitivity ( *2S > 10000cps/ppb).
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Determination of metals in base metal ores using Agilent MP-AES

Neli Drvodelic?, Yong Wang?, Laura A. Baker?, Erick Helmeczi?, lan D. Brindle?, U. Noetzel®
1 Agilent Technologies, Waldbronn, Germany

2 Agilent Technologies, Melbourne, Australia

3 Brock University, Ontario, Canada

*Corresponding email address: uwe noetzel@agilent.com

There is a high demand from the mining industry for more accurate, reliable and cost-
effective methods for the determination of metals in base metal ores. Accurate analysis is
vital for determining the commercial value and feasibility of a mine. Achieving this can be
challenging, as ore samples often contain metals over a wide range of concentrations from
low parts per million to high percentage levels. The large number of core samples analysed
means that cost and speed of analysis are also important considerations when conducting
ore analysis.

Base metal ore analysis is typically performed using flame atomic absorption spectroscopy
(FAAS) or inductively coupled plasma optical emission spectroscopy (ICP-OES). The Agilent
Microwave Plasma Atomic Emission Spectroscopy (MP-AES) is the ideal alternative for
mining laboratories looking to transition away from FAAS to a higher performance, lower
cost and safer technique. The MP-AES uses a microwave-induced nitrogen-based plasma,
eliminating the need for flammable or expensive gases and significantly reducing running
costs compared to FAAS. The instrument can be operated unattended and in remote
locations using an autosampler and nitrogen generator, meaning that samples can be
analysed on-site for fastest feedback. The nitrogen plasma also provides lower detection
limits and a larger linear dynamic range than FAAS, making it ideal for accurate and
repeatable determination of metals in ores over a wide concentration range.
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On-site real time analysis of mercury contamination in environmental samples — a
portable electrochemical detection solution
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Mercury, being one of the most toxic elements that may be found in natural water bodies, is
of significant environmental concern, negatively affecting human and other living organisms’
health, as well as drinking water quality. Exposure to mercury, as outlined by WHO and in
several previous studies, can cause allergic reactions, neurological, renal and
gastrointestinal damage and even death.

Whether from naturally occurring sources, or as a by-product of anthropogenic activities,
control and limitation of harms associated with mercury contamination is one of the most
significant environmental and public health challenges of the century.

Whilst specific strategies have been developed to reduce mercury releases and to remediate
mercury contaminated areas, there continues to be a challenge in carrying out rapid,
accurate on-site monitoring to ensure contamination does not exceed the WHO drinking
water standard of >5 ug/L.

Mercury analysis in drinking water has special significance in Zambia, where careful
environmental monitoring around mining sites is essential to regulate water quality and
reduce or eliminate associated environmental stresses, as well as ensure the health and
wellbeing of the local population. Faster on-site analysis can lead to faster, and more
effective, corrective action

Rapid, accurate on-site monitoring and determination is essential, not only for immediate
human health concerns, but as a key component of effective water supply development
programmes to eliminate future exposure. A novel solution, utilising an electrochemical
analytical method incorporated into a portable instrument, is presented, for on-site
determination of mercury and other heavy metals with LOD > 1.0ug/L in water and soil
samples.
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The SPECTRO ARCOS MultiView ICP-OES
Lionel de Jager

Product Specialist ICP - SPECTRO Analytical Instruments (Pty) Ltd

ICP-OES spectrometers have become the work-horse analysers of choice for an extremely
wide array of industrial, environmental, and research analytical tasks. ICP manufacturers
offer many competing claims about their sensitivity, stability, speed, and more. ICP users
can find a useful differentiator in how spectrometers handle a key optical operation: plasma
observation. Understanding concepts such as axial view, radial view, and dual view is critical
in calculating which instrument to purchase for specific analytical applications. The aim in
this case is to briefly define the differing plasma viewing technologies, highlight their
strengths and weaknesses, and provide examples of typical applications. Also to discuss a
recent development in plasma viewing technique that significantly alters the equation — and
may change users’ minds about which instrument to select. This recently developed
approach transcends typical dual-view disadvantages. This unique new technology is
cur-rently available in one version of the new SPECTRO ARCOS analyser. It's the only ICP-
OES instrument that offers both plasma views, but without bias or compromise. The
sequential MultiView approach eliminates the use of added mirrors or periscopes. Instead,
the user simply shifts the direction of the plasma torch into a new axial or radial orientation,
with a relatively simple changeover that takes about 90 seconds. This single instrument
offers academic researchers and industrial users full axial sensitivity and full radial precision
— without dual-view compromises. It's the equivalent of buying two dedicated, fully
optimized analysers in one: The SPECTRO ARCOS MultiView ICP.
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Pathways and dynamics of transfers of essential and toxic metals in the Kenya’'s
aguatic ecosystems.

Odipo Osano
School of Environmental Sciences, University of Eldoret, Kenya

Email: odipoosano@gmail.com

Peculiar circumstances in the Kenya's lakes and environment present challenging health
risks. Anthropogenic sources of metals reflect regular and emerging activities in the
catchment which could be demonstrated by their partitioning in the sediment phases at
mouths of the discharging rivers. While the concentrations of toxic metals (e.g. Hg, Cd, Pb
and Cu) are lower than elsewhere in the world higher ambient temperatures, eutrophication
and macrophyte densities may increase potentials for metal alkylation and hence promote
biomagnifications. Parasitic infestations have modifying effects on transfers/depuration of
elements that is hitherto unknown. Toxic elements (e.g. Cd ) are taken up from the media by
parasitised fish and concentrated in the parasite and host tissues while essential element
(Cu and Co) are concentrated preferentially in the parasites tissue potentially conferring
deficiencies to the fish and ultimate consumers. Toxins for example aflatoxins inhibit
metabolism of element s (e.g. Fe) a phenomenon that may be exacerbated by the steep rise
in aquaculture especially cage cultures which introduce large quantities of potentially
contaminated feeds into the waterbodies. Fortuitously, the parasites could also provide
sensitive tool for monitoring metal concentrations in water and hair follicles of consumers
offer an appropriate and sensitive tool for monitoring exposures to metals consumed from
fish. Ongoing studies will reveal health implications and help design appropriate
interventions on deficiencies and toxicity of essential and toxic elements, respectively.
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Are land use decisions of African Elephants based on environmental geochemistry?
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African Elephant incursion into the Phalaborwa mine, South Africa has resulted in human-
elephant conflict (HEC), elephant and human injury; death and income loss. It is proposed
that elephants are attracted to the Phalaborwa mine due to the unique mineral provision of
the area caused by the geochemistry of the soil (and plants). It is suspected that the soil
(and plants) in surrounding areas of the Kruger National Park and Associated Private Nature
Reserves may be deficient in key minerals. During the first phase of this project, method
validation has been conducted through measuring mineral levels in a range of biological
samples (plasma, toenails, tail hair, urine and faeces) from elephants at UK zoos alongside
soil, food and water consumed. Advanced inductively coupled mass spectrometry (ICP-MS)
techniques was used to determine these mineral levels and validate the optimum biomarkers
of mineral status in free-living elephants. The second phase of this project will apply these
validated methods to these free-living African elephants around the Phalaborwa Mine,
determining if environmental geochemistry influences the elephants land use choices.
Assessment will also be made of levels of heavy metals in the elephants (tail hair and blood)
and their environment around Phalaborwa to investigate if mining activities are causing risk
to wildlife health. Providing supplementary mineral sources in the elephants home range will
be explored with the aim of attracting the animals to an alternative location away from
human settlement to reduce HEC.
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Chronic low-dose cadmium promotes tumorigenesis and aggressiveness, and
enhances radioresistance in nasopharyngeal carcinoma cells by activating the Wnt/B-
catenin signaling pathway via hypermethylation of the casein kinase 1a promoter

Lin Peng®?, Yi-Teng Huang®, Jiong-Yu Chend*, Xia Huoe®
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3 Health Care Center, The First Affiliated Hospital of Shantou University Medical College,
Shantou 515041, PR China.

4 Oncological Research Lab, Cancer Hospital of Shantou University Medical College, No. 7
Raoping Road, Shantou 515031, PR China.

5 Laboratory of Environmental Medicine and Developmental Toxicology, Guangzhou and
Guangdong Key Laboratory of Environmental Pollution and Health, School of Environment,
Jinan University, 601 Huangpu Avenue West, Guangzhou 510632, PR, China

Cadmium is known to be a putative carcinogen for some human cancers. Our previous
epidemiologic study has shown that cadmium exposure is a risk factor for nasopharyngeal
carcinoma(NPC). However, the effect of cadmium on the biological behavior of NPC cells
remains to be elucidated. Here we evaluate the influence of chronic low-dose cadmium
exposure on cell growth, metastasis-associated phenotypes and radiosensitivity in NPC cell
lines. By 10 weeks of continuous 1 uM cadmium exposure, the chronic cadmium-treated
NPC(CCT-NPC) cells show marked increases in cell growth in vitro and in vivo,
enhancement in invasion and migration, cytoskeleton reorganization and upregulation of
epithelial-to-mesenchymal transition(EMT) markers. In addition, radioresistance of CCT-NPC
cells are enhanced compared with the parental cells. Hypermethylation of the casein kinase
1a (CK1a) promoter associated with the activation of the Wnt/B-catenin signaling pathway
was observed in CCT-NPC cells. Conversely, treatment with demethylation reagent in CCT-
NPC cells upregulated the expression of CK1a and blocked the Wnt/B-catenin pathway,
resulting in restrained malignant propensity and restored radiation sensitivity. These findings
support a role for chronic low-level cadmium exposure as a driving force for NPC cell growth,
aggressiveness and radioresistance by activating the Wnt/B-catenin signaling pathway via
hypermethylation of the casein kinase 1a promoter.

87 |Page



34 International SEGH Conference | 2-7*" July 2018 | Livingstone, Zambia | https://segh2018.org | www.segh.net

H10

Geographic variations in esophageal cancer and micronutrient deficiencies
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Spatial gradients in the incidence rates of oesophageal squamous cell cancer are amongst
the steepest of all cancers. Constituting the majority of this cancer worldwide, the Asian
oesophageal cancer belt affects diverse but spatially-connected populations: from the
Turkmen of the Caspian Littoral, eastwards to Chinese and Japanese populations. Africa
also has a geographically-connected region of high incidence in the form of a north-south
easterly lying stretch known as the African oesophageal cancer corridor. Lifestyle factors
contribute to esophageal cancer in these areas to different extents, but would not produce
such strong spatial differentials, thus other setting-specific dominant factors are likely to be
present. Geographically-correlated micronutrient deficiencies may be amongst the missing
factors. We will summarise this micronutrient hypothesis, evidence for it and the challenges
to investigate it.
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Copper isotopic records in soils and tree rings near a copper smelter, Copperbelt,
Zambia

M. Mihaljevic*, A. Jarosikovail, V. Ettlert, J. Trubac?, A. Vanek? , V. Penizek?, M.
Svoboda?, B. Kribek?, V. Chrastny?, O. Sracek®, I. Nyambe®

1 Charles University, 128 43 Prague, Czech Republic

2 Czech University of Life Sciences Prague, Kamycka 129, 165 21 Prague, Czech Republic
3 Czech Geological Survey, Geologicka 6, 152 00, Prague, Czech Republic

4 Palacky University in Olomouc, 771 46 Olomouc, Czech Republic

5 University of Zambia, Lusaka, Zambia

*mihal@natur.cuni.cz

The copper (Cu) content and isotopic composition were studied in soils and in pine tree
rings at locations close to and far from the Cu smelter, located at Kitwe, Zambia. The solil in
the remote area contained 25 - 75 mg kg Cu, whereas the soil close to the smelter
contained 207 - 44,000 mg kg-1 Cu. The &°°Cu at the remote area and close to the smelter
varied in the range -0.40 to -0.11 % and -0.44 to 0.01 %, respectively. The 3%°Cu of the
surface soil at both profiles (-0.44 to -0.40 %) is similar to the isotopic composition of the
concentrates processed in the smelter (-0.75 to -0.45 %), i.e. both locations are affected by
Cu ore dust.

The increase in the 8°°Cu in the direction towards the centre of the profile is caused by the
oxidative dissolution of Cu(l) from ore minerals during which heavier Cu is released. In
deeper parts of the profile, there is a slight decrease of 3**Cu because of easier mobilisation
of the lighter isotope. The tree rings at the two locations differ in the total contents and
isotopic composition. At the less contaminated site, the Cu contents equal 0.4 to 1.1 mg kg*
while, at the polluted site, the Cu contents vary in the range 3 to 47 mg kg™.

Whereas, at the less contaminated location, the tree rings are substantially enriched in
lighter Cu (8%°Cu = -0.76 to -2.2 %), at locations close to the smelter, the tree rings have an
isotopic composition (-0.31 to -0.88 %) similar to that of the contaminated soil or processed
ore. The isotopic composition of the tree rings close to the smelter are affected particularly
by interception of dust containing Cu ore. The d'3C in tree rings demonstrate interconnection
of acidification and Cu mobility.

This study was supported by the Czech Science Foundation (16-13142S; 17-03211S).
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lodine, selenium and technetium availability to plants: the role of chemical speciation
to resolve variable transfer factors

S. D. Young?, J. Wang?, E. H. Bailey*

1 University of Nottingham, School of Biosciences, Sutton Bonington Campus,
Leicestershire, UK

2 Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographical
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101,
People’s Republic of China

*Corresponding email address: scott.young@nottingham.ac.uk

Radio-isotopes of iodine (*?°l, 31), selenium ("*Se) and technetium (*°Tc) are fission
products recognised as potentially hazardous to human and environmental health. lodine
and Se are also both essential to human health and are key members of a short list of
elemental micronutrients estimated to be deficient in the diets of around two billion people
worldwide (Bailey et al., 2015; Cacmak et al., 2017). Thus, for reasons of both health and
hazard, it is useful to be able to predict soil-to-plant transfer and subsequent entry into the
food supply.

Soil-to-plant transfers of all three isotopes were determined for two grasses, Agrostis
capillaris and Lolium perenne, in a pot trial using 30 contrasting soils spiked with enriched
129 77Se and *°Tc and pre-incubated for 2.5 years. Immediately prior to the pot trial, soil was
sequentially extracted with (i) 0.01 M KNOs, (ii) 0.016 M KH,PO. and (iii) 10% tetra methyl
ammonium hydroxide (TMAH), to determine **Tc, | and Se fractions designated as (i)
‘soluble’, (ii) ‘adsorbed’ and (iii) ‘organic’. Coupled LC-ICP-MS was used to determine
speciation within the soluble and adsorbed fractions: selenite, selenate, iodide, iodate,
pertechnetate and soluble organic forms of all three elements.

This paper investigates the potential for improved prediction of plant availability of these
complex oxyanions using speciated fractionation to represent the denominator of transfer
factors in place of the more traditional total concentration in soil.

References.

Bailey RL, West KP Jr, Black RE. 2015. The epidemiology of global micronutrient
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Environmental Monitoring at the South East Ore Body project (SEOB)

Presenter to be confirmed

Non Ferrous China Africa (NFCA), Kitwe, Zambia
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Comparison of acid mine drainage and neutral mine drainage at two sites in sub-
Saharan Africa

O. Sracek?, B. Kribek?, M. Mihaljevic?, V. Ettler?, A. Vanek?, V. Penizek?, Z.B.Bagai®, I.
Nyambe®

1 Department of Geology, Faculty of Science, Palacky University, Olomouc
2 Czech Geological Survey, Prague

3 Charles University, Prague

4 Czech University of Life Sciences

5 Department of Geology, Faculty of Science, University of Botswana, 4775 Notwane Rd.,
Gaborone, Botswana

6 Department of Geology, Faculty of Science, University of Zambia, Lusaka, Zambia

Acid mine drainage from Ni-Cu mine tailings at Selebi Phikwe, eastern Botswana has pH values <4.0
and they decrease downstream as a consequence of jarosite precipitation. Principal ferric phase in
seepage stream sediments are jarosite and goethite, which implement Ni and Cu. A part of dissolved
sulfate is also sequestered in precipitated gypsum precipitating further downstream. Values of §°H and
8180 indicate evaporation in mine tailings before seepage. Values of §*S(SQ4) are generally
consistent with the oxidation of sulphides. No minerals of Ni and Cu were detected and principal
attenuation processes seem to be adsorption and co-precipitation with jarosite. There are higher
contents of Cu sequestered in solid phase compared to Ni, in spite of much higher dissolved Ni
concentrations.

Neutral mine drainage from old Cu-Co mine tailings at the Zambian Copperbelt has pH values > 7.0
and high concentration of dissolved sulfate. Large loads of Fe, Mn, Cu, and Co are transported in
suspension. The drainage crosses a wetland (dambo) with aquatic plants, where a significant portion
of contamination is removed by adsorption. There are large amount of ferric phases in the wetland
and significant portion of ochres is present as insoluble hematite. Concentrations of sulfate decrease
and values of §**S(SQ.) in the wetland increase, suggesting sulfate reduction. Enriched 6°H and §'%0
values indicate evaporation of seepage water downstream. Based on speciation calculations, there is
no precipitation of secondary Cu and Co minerals in the period of sampling, but it can occur later in
dry period when flow rate is reduced. In more advanced dry period, the discharge in mine drainage
stream is probably much lower and water can reach supersaturation with respect to minerals such as
gypsum, which has been found in sediments.

Principal difference between both sites is in higher suspension load at neutral mine drainage site and
in different mineral assemblages in stream sediments, with jarosite dominating at acid mine drainage
site and amorphous and crystalline ferric phases at neutral mine drainage site.

This study was supported by the Czech Science Foundation (16-13142S).
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Environmental monitoring in the Zambian Copperbelt

Kachiwala Sapalo

First Quantum, Kalumbila Minerals Ltd,, Kitwe, Zambia
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The effect of biochar soil amendment on the bioavailability of Lead (Pb) in
contaminated soil of Kabwe District of Zambia

K. Munthali, B. Chishala? and E. Phiri?, S.Mutiti®, Y. Uchida*
1 Zambia Agriculture Research Institute, Herbage Chemistry
2 The University of Zambia, School of Agricultural Sciences

3 Department of Biological and Environmental Sciences, Georgia College and State
University, Milledgeville

4 Faculty of Agriculture, Hokkaido University, Japan

Biochar is a biological residue combusted under low oxygen conditions, resulting in a
porous, low-density carbon-rich material. It has potential to reduce pollutant mobility when
used as an organic soil amendment. A greenhouse experiment was conducted to assess the
effect of maize-derived biochar amendment on bioaccumulation of Lead (Pb) in Chinese
cabbage (Brassica pekinensis) and tithonia (Tithonia diversifolia). The biochar was mixed
with a Pb-contaminated collected from Kabwe soil at the rate equivalent to 0, 5, 10 and 20
t/ha. The Pb in the plant was tested for the various plant parts for both plants and no
significant differences (P>0.05) were found in the various plant parts for Chinese Cabbage.
Tithonia had significant differences (p<0.05) in the root tissue only. When Pb uptake was
compared across all treatments it showed that biochar application rate of at 20 t/ha biochar
significantly (p<0.05) decreased (25%) Pb bioavailability in Chinese cabbage. Other trace
elements were also analyzed to check for any changes in bioavailability and it was found
that biochar had an effect on the levels of other trace elements such as Cu, Zn, Mn, and Fe.
However, no significant differences (p>0.05) were not detected at the four levels of biochar
application. In addition, the leachate collected indicated that Pb could not be significantly
(p<0.05) leached out of the soil profile with the scheduled water application as evidenced
from the below detectable levels of Pb in the irrigated water. The results indicated that
biochar amendment decreased the bioavailable Pb as well as its mobility, hence improved
its use as a soil amendment.

Keywords: Pyrolysis, Chinese Cabbage, Tithonia, uptake, leachate
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Contaminated land: a threat or an opportunity?

Herman Potgieter'-?, Leonard Mgbeahuruike?, Lizelle van Dyk?!, Judith E Barret?, Sanja
Potgieter-Vermaak*?3

1 School of Chemical and Metallurgical Engineering, University of the Witwatersrand,
Johannesburg, South Africa

2 Manchester Metropolitan University, Manchester, United Kingdom

3 Molecular Science Institute, School of chemistry, University of the Witwatersrand,
Johannesburg, South Africa

The global footprint of potentially harmful elements (PTES) in soil is ever increasing and their
impact on the environment, ecology and human health is of great concern. In particular,
anthropogenic pollution with Pb, Cu and Cd is worrisome in developing countries where
intervention values are much higher. While remediation processes for contaminated soil
exist and sometimes meet environmental requirements, it fails in adding value to the process
and results in the unnecessary loss of valuable metals. Cu commodity demand has
increased by more than 30% over the last 10 years, and a supply gap is forecasted by as
early as 2019. These predicted shortages in geological reserves for many metals could,
however, offer opportunities use wastelands and other contaminated soil as secondary
sources to deal with potential shortfalls in virgin ore. To that end, this paper describes the
contamination levels of five PTEs (Cd, Cu, Ni, Pb, Zn) in 3 industrially impacted soils (one
from Nigeria and two from Romania). A column and heap approach to facilitate the
remediation of the soils is compared in terms of leaching profiles over time and efficiency.
Four different leaching agents were used. It was found that the metal concentrations
exceeded the European Union Standard for all soils. The B-diketone (Acetylacetone) proved
most efficient in both the column and heap process to reduce the concentration levels in the
Nigerian soil. The leaching efficiencies of the Romanian soils proved to be soil-specific.
Finally, an economical evaluation provide insight into the potential of these processes to be
sustainable and of economic value.

Keywords— sail pollution, soil washing, column and heap leaching, metal recovery.
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Can legacy pollution influence antimicrobial resistance in estuarine sediments? — The
geochemical role!

Kiri Rodgers?, lain McLellan?, Tatyana Peshkur?, Roderick Williams?!, Rebecca Tonner?,
Andrew S. Hursthouse?, Charles W. Knapp?, and Fiona L. Henriquez*

1 School of Science and Sport, University of the West of Scotland, Paisley, UK

2 Department of Civil & Environmental Engineering, University of Strathclyde, Glasgow, UK

Antimicrobial resistance (AMR) is fast becoming a top concern worldwide with the potential
for catastrophic repercussions. The majority of research to date focuses on the medical
causes, particularly the use and disposal of antibiotics, however there is growing evidence
that in fact “stressful” environments caused by anthropogenic activities with subsequent
geochemical contaminates to be a notable attributor to AMR as well. This research highlights
key geochemical parameters e.g. Metal and PAH contamination in sediments from the river
Clyde, which is a key historical hub of industrial activity and pollution, and the correlations
they have with the abundance of antimicrobial resistance.

The ability to compare different pollution conditions among stratified layers in estuarine
sediments allow us to determine key contributing factors affecting antibiotic resistance
(AMR) in microbial communities. This is a unique approach of investigating resistance traits
will generate a wealth of information about how our past industrial actions may impact public
and environmental health now and/or the near future. Ultimately not only does such a
connection highlight that the AMR widespread problem is greater than we thought, but offers
a potential of treatment or a way of controlling its prevalence in a sustainable way.
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An apple a day? Assessing gardeners lead exposure in urban agriculture sites to
improve the derivation of soil assessment criteria.

Jane A. Entwistle!*, Patrick M. Amaibi?, John R. Dean? Michael Deary?, Daniel Medock?,
Jackie Morton*, llia Rodushkine5® and Lindsay Bramwell”
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Building, Newcastle Upon Tyne, NE1 8ST, UK *corresponding author
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3 Toxicology Department, Centre for Radiation, Chemical and Environmental Hazards,
Public Health England, Chilton, Didcot, Oxon OX11 ORQ

4 Health and Safety Laboratory, Buxton, SK17 9JN, UK
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6 Division of Geosciences and Environmental Engineering, Lulea University of Technology,
S-971 87 Lulea, Sweden

7 Institute of Health and Society, Medical Faculty, Newcastle University, Newcastle upon
Tyne NE2 4AX, UK

To improve the derivation of urban agriculture sites (UAS) soil assessment criteria, so as to
avoid inappropriate closure of these valuable community spaces and prevent unnecessary
stress and concern, we sampled nearly 280 paired soil and produce samples across 31 UAS
gardens. This sampling was coupled with an exposure and food frequency questionnaire
and participants blood Pb concentrations (43 gardeners and 29 non-gardening neighbours).

In 98% of the sampled soils, Pb concentrations were above the current UK soil guideline for
UAS (80 mg/kg), however despite the high soil Pb (range: 58 - 1300 mg/kg), and high soll
bioaccessible Pb (range: 32.4 - 75.5%), all of our participants had blood Pb levels 0.1 mg/kg
FW).

In UAS, the consumption of home-grown produce and attached soil is a significant exposure
pathway. We highlight the need to better parameterise soil to plant transfer factors (SPCFs)
and home-grown produce consumption rates to derive more appropriate soil screening
values for adult UAS gardeners. Our preferred models predict site specific assessment
criteria (SSAC) of 400 - 1000 mg/kg and our study indicates it may be appropriate to develop
a distinct exposure dataset for UAS gardeners.
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Urban geochemical survey of wetland sediments in Lagos Metropolis, Nigeria
Olatunji, A.S., Ajayi, F. F., Omotunde V. B and Nana, B. E.
Department of Geology, University of Ibadan.

Email: akinadeshadrach@yahoo.com

Sediment cores were obtained from city center wetlands and wetlands located in the peri-
urban. Areas. The samples were then digested and analysed for elemental constituents
using ICP-MS. The fates of selected metals were determined through sequential analysis
while Pb-isotopes were analysed for, to determine the origin of the metals in the wetlands
sediments. The mineralogical constituents of the sediments were determined using XRD.
Copper (Cu), Pb, Cd and Zn concentration (mg/kg) were: 15.0-104.0; 29.0-169.0; 0.4-22.0
and 98.0-590.0, respectively. The peri-urban wetlands sediments had lower concentrations
for these metals compared to those of the city center, an indication of urbanization as a
factor in metal concentration. The concentration (ppm) of the Pb-isotopes determined were
204Ph (0.28-6.31); 2°°Pb (5.06-104.57); 2°’Pb (4.43-92.12) and °®Pb (11.13-224.82),
respectively; revealing an enrichment in the radiogenic Pb-isotopes, signifying anthropogenic
activities as the source of the Pb and other metals in the wetland sediments. The metals
were more enriched in the organic and the carbonate phases. Quartz, kaolinite and pyrite
were the main minerals identified. Cu, Pb, and Zn have attained levels of significant
environmental implications. The Pb and Cd pose greater toxicity to both children and adults
as indicated by higher values of the Daily Intake (DI) and Total Chronic Hazard Index (THI).
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An Analysis into the Epidemiological and Socio-Economic Effects of Cholera
Outbreak in Zambia

Edwin Kasanda, John Lungu, Edna Kabala, Hillary Chanda, and Rosemary Mapoma

Department of Business, Copperbelt University, Kitwe, Zambia

The World Health Organization estimates that there are 1.3 to 4.0 million cases of cholera
annually and 21,000 to 143,000 deaths worldwide due to cholera disease. Zambia’s most
recent recurrence of cholera in October 2017 culminated into the government invoking
provisions of the Public Health Act and issuing Statutory Instrument 79 of the Public Health
Act which enhanced powers for the Ministry of Health to carry out public health interventions
to stop the spread of cholera. In an attempt to control the spread, government buried over
500 shallow wells in Lusaka, declared night time curfews, closed schools and ban on social
gatherings as well as putting a stop to street vending. From the time the outbreak was
declared, there has been a cumulative case count of 3,940 infected and 92 fatalities
countrywide with a case fatality rate of 4.2%. The spread of cholera is facilitated by the
environmental factors such as, poor domestic and industrial waste management, the
pollution of underground water by both domestic and industrial effluent which contributes to
the chemical and bacterial contamination of the shallow wells which serves as a major
source of drinking water. The pollution of shallow wells continues to provide a reservoir for
the spread of the cholera bacteria. Cholera has the potential to cause serious social,
economic, political and epidemiological problems. There is therefore need for a
multidisciplinary evidence based research on the contribution of geochemical — pollution to
the spread of cholera as well as its socio-economic impact on society.
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The Ethics of Environmental Geochemistry and Health Research: Human participant
involvement and beyond

Kate Millar

Centre for Applied Bioethics, Schools of Biosciences and Veterinary Medicine, University of
Nottingham, Sutton Bonington Campus, UK

The scientific field of geochemistry involves interdisciplinary professionals working on
research questions that are essential for human and environmental wellbeing. A healthy
environment underpins the Sustainable Development Goals and tackling major
environmental geochemical concerns is a key priority for professionals working in the field,
e.g. nutritionists, chemists, plant scientists, epidemiologists. In an era of big science and
large grant competitions, multidisciplinary research collaborations are now being built to
pioneer new geochemistry-informed interventions and solutions to the problems that sit
within the agriculture-environment-public health nexus, such as soil contamination, dietary
micronutrient deficiency, etc. The outcomes of these research programmes are geared
towards making an impact on both practice and policy. However defining the nature of a
research problem, how it is characterised as well as how researchers interact with policy-
makers and research participants raise a number of ethical opportunities and challenges that
need to be mapped, analysed and managed. Many of these research programmes involve
human and animal participants so it is essential that within the research field there is
awareness, knowledge and the skills to reflect and respond to the ethical dimensions of the
work. This paper examines some of these issues and presents arguments for the need to
embed not only an informed ‘geochemistry research ethics approach’ (for example
protecting research participants, such as farmers), but also makes a case for the use of
participative approaches and the need to engage with, and potentially include, professional
ethicists. Some example ethical approaches and methods will be discussed.
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P44 — Urban & Industrial Development poster session

Impacts of dumpsites on groundwater quality — a case study of Margum residential area
in Kalalushi

S. Sichilima and L. Chilufya
Copperbelt University, P.O Box 21692, Jambo Drive, Kitwe

*sydney.sichilima@cbu.ac.zm

Clean, accessible water for all is an essential part of the world we want to live in. There is sufficient
fresh water on the planet to achieve this. But due to bad economics or poor infrastructure, every year
millions of people, most of them children, die from diseases associated with inadequate water supply,
sanitation and hygiene.

This project was a research conducted to find out the effect of dumpsites on groundwater pollution. The
study area, Margum residential area, was strategically picked based on its proximity to the dumpsite
and depend groundwater as the main source of water supply. The project’s main aim was to establish a
link between the leachate from south—kalengwa dumpsite and the constituents of Margum well water.

In order to come up with a comprehensive conclusion, the research involved collection of data from
residents of the study area, well water analysis, collected in accordance with distance from the dumpsite
and soil sampled from within the dumpsite. The water and soil samples were analyzed for physical and
chemical parameters, specifically; pH, Copper, Cobalt, Iron, Cadmium, Lead, Manganese and Zinc.

From the results obtained, it was concluded that south —kalengwa dumpsite is poorly located and is
adding to the amounts of pollutants in the wells of Margum residential area, with a pattern of reduced
concentrations with distance from the dumpsite.

Keywords: Water pollution, Groundwater, Dumpsite, Leachate, Heavy metals
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Intra-household correlations of urinary elemental concentrations in Tanzania and Kenya:
potential surrogate biomarkers in case-control studies

Daniel R. S. Middleton?, Valerie A. McCormack?!, Michael O. Munishi?, Diana Menya®*, Andrew L.
Marriott®, Elliott M. Hamilton®, Amos O. Mwasamwaja?, Blandina T. Mmbaga?, David Samoei*,
Odipo Osano*, Joachim Schiiz?, and Michael J. Watts®
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France
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3 School of Public Health, Moi University, Eldoret, Kenya
4 University of Eldoret, Eldoret, Kenya

5 Inorganic Geochemistry, Centre for Environmental Geochemistry, British Geological Survey,
Keyworth, Nottingham, UK

Suboptimal and excess supplies of chemical elements play important roles in non-communicable
disease etiology. When investigating such roles in epidemiologic studies without prospective designs,
such as case-control studies, reverse-causality limits the usefulness of short-term biomarkers
measured in biospecimens collected from cases. We aimed to investigate whether surrogate
participants may be suitable proxies by assessing correlations of urinary element concentrations
collected from individuals living in the same household. We collected spot urine samples from 245
Tanzanian and Kenyan adults (including 101 intra-household pairs) to investigate intra-household
correlations of urinary elements (As, Ba, Ca, Cd, Co, Cs, Cu, Fe, Li, Mn, Mo, Ni, Pb, Rb, S, Se, Sr,
TI, V, Zn) and concentrations (also available for: Bi, Ce, Sb, Sn and U) relative to external
population-levels and health-based values. Moderate-strong correlations were observed for As
(r=0.65), Cs (r=0.67), Li (r=0.56), Mo (r=0.57), Se (r=0.68) and TI (r=0.67). Correlations for
remaining elements were <0.41. Median Se concentrations in Tanzania (29 pg/L) and Kenya (24
pg/L) were low relative to 5738 Canadians (59 pg/L). Exceedances (of reference 95th percentiles)
were observed for: Co, Mn, Mo, Ni and U. Compared to health-based values, exceedances were
observed for As, Co, Mo and Se, but deficiencies were also found for Mo and Se. For well correlated
elements, household members in this and similar settings may provide feasible surrogate cases to
investigate element supplies in relation to non-communicable diseases.
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