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Public Health Risks
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Land-Based Pollution in LMICs




Burden of Disease in LMICs

- Gl“?" PURE () EARTH
CROSS

« 200 million people at
risk from industrial site
pollution across 50
LMICs

« 17 million DALYs
attributed to land-based
pollution

« Disease burden is
similar to other

. .  The Toxics
widespread diseases .

-~ Our Feet

(TB, malaria)
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Top Pollutants & Industries

ESTIMATED DALYS

b "HRO . 0 E -
I Lead Smelting (§2,600,000 || 0 0 0 0 2,600,000 SRy @".i‘ﬂ?
Industrial Estates [§1,000,000 | | 60,000 0 0 0 1,060,000 =
Product Manufacturing {550,000 | | 236,000 0 0 0 786,000
Mining and Ore Processing (§2,000,000 J | 380,000 140,000 | 100 1,500 2,521,600
Recyding (14,200,000 | | 0 0 0 0 4,800,000
Tanneries [1130,000 1,800,000 |0 0 0 1,830,000
Industrial Dumpsites |§1,200,000 § | 34,000 0 0 D 1,234,000
Chemical Manufacturing {200,000 | | 465,000 0 0 0 765,000
Artisanal Mining [11.000.000 § | 5,000 0 0 12,000 1,021,000
The World’s Worst Pollution Problems:
Dye Industry [J20,000 350,000 0 0 0 430,000 St it st
Subtotal 13.550.<JU[I 3,334000 140,000 | 100 13,500
TOTAL DALYS | 17,147,600

How Good Are

These Estimates?
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Objectives

1. Determine whether sufficient information to
guantify public health impacts from land-based
pollution in LMICs

» Can specific health impacts be attributed to
specific industries and activities?

2. ldentify primary knowledge and data gaps and
make recommendations to obtain better
Information

» Can risk analysis methods and tools help?
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What Do We Need to Know?
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Note: PBPK = physiologically based pharmacokinetic
Adapted from NRC (1983); NRC (1997)
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Key Findings (Williams et al.)

R.l.‘t]\ Analysis

=

Risk Analysis, Vol 0, No. 0, 2021

Data Gaps:

Perspective

WILEY Bt

Risk Analysis Approaches to Evaluating Health Impacts ¢ R e p resen tatlve Ness

from Land-Based Pollution in Low- and Middle-Income

Countries * Site contamination

Risk analysis offers a useful framework for g and ging envi tal health

:.E::]]aejl:'n:{g:t[o).s rﬂg:ﬂ%:;.ﬁtherim von Stackelberg (0,2 Mayra Gabriela Guerra Lopez,? ° P O I I u t an t S a n d p at h W ay S
» Exposure factors
risks across different settings. In this Perspective, we question whether the principles and
prlacﬁce_of risk analy '_ could be beneficial in the text of Iand-bz'\s_ed pollu_liun in Io_w— and .
P o e I b e s e Sy » Exposures and risks

increasing issue of concern due to widespread environmental contamination from active and
legacy operations, particularly informal activities that are becoming increasingly dispersed
throughout communities, such as used lead acid battery recycling, artisanal and small-scale - - -

gold mining, and small-scale tanneries. However, the overall magnitude and scale of the pub- [ B I 0 m O n I tO r I n d ata
lic health problem arising from these sources remains highly uncertain and poorly character-

ized and cannot be compared to land-based pollution in high-income countries due to unique
factors. This lack of knowledge has negatively affected the political priority and level of fund-
ing for risk mitigation actions targeting land-based pollution in these countries. Our primary

objective is to raise further awareness of this emerging issue among risk analysts and deci- ® e a t O u tC O I I l e S
sionmakers and to advocate for more robust and focused research. Here, we highlight the
types of industries and activities contributing to land-based pollution in LMICs and describe
key findings and knowledge and data gaps that have hindered a fuller understanding of this
issue. We also discuss how several risk tand risk z approaches might be
useful in this resource-constrained context. We conclude that a combination of risk analysis
approaches may be worthwhile, but more work is needed to determine which methods or
tools will be most informative, technically feasible, and cost-effective for 1dentlfymg, pm:»n-
tizing, and mitigating land-based pollution in LMICs. Affected r 1

and local or national governments will need to work together to develop |mpn:rved study
designs and risk mitigation strategies.
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Representativeness of Population

Census

Findings:

* Reliance on targeted or
convenience samples

* Lack of robust census data
at local level

@H &P Case Study

Assessment and Re
Lead Contamination

Number Tested Age Range Range (pg/dL) > 45 pg/dL > 70 pg/dL

et Siblings 7 mos-7 yrs 59.1 - 345.4
SURININEN Mothers 20-44 yrs 32.5-98.8
M::gmbglma;dw Other Children 3 mos-19 yrs 39.8-613.9

Other Adults 20-64 yrs 37.7-81.0

3 Blacksmith Institute, New York, NY

Corresponding Author:
Donald E. Jones, CPG

Quality Environmental Solutions, Inc.
40 Hudson Street, Suite 107
Annapolis, Maryland 21401 USA

Total # Tested

T. (410) 841-5552

F (410) 266-5588
djones@qualityenvironmental.net
www.qualityenvironmental.net

Table 1.2 — World Health Organization. June 2008

Introduction the deaths of at least 18 infants. A coalition of local community members, local and federal
government agencies, and international non-governmental organizations was able to develop

Atleast 18 children died from lead and implement a comprehensive assessment and remediation strategy specifically focused on

poisoning in the ity of inimizi risks to the local population with minimal disruption. The implemented

‘Thiaroye Sur Mer (TSM), Senegal, in soil removal plan resulted in site remediation without population relocation, spanning just

late 2007 and early 2008. The deaths over two years, and being completed under the budget of USD 200,000. WORLD Bm K GRD u P

occurred within months following a Competing Interests. The authors declare no competing financial interests.

“lead rush” started by a battery recycler ~ Keywords. Senegal, lead, used lead-acid battery, ULAB, assessment

who paid top wages for the sifting 7 Health Pollution 2:37-47 (2011)




Extent of Site Contamination

[l [l

Uniar Ststes Office of Environmertzl EPAZ4OR02005 "
Environmental Protection Information December 2002

[

Agney Washingon, DC 20460

EPA Guidance on Choosing a

omacaecron | ¢ Lack of systematic and random

Tor Use in Developing a Qualiy sampling

« Sampling near contamination source
or to identify “hot spots”

EPA QA/G-58
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INITIAL SITE
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Multi-Pollutant and Pathways

Findings:

. + Lack of conceptual site model
Eﬂ:‘?ﬂenv o | : (CS M)

« Limited sampling of pollutants,

Exposure

P media, and exposure pathways

Available online at www.sclencedirect.com — Tahle 5
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Lead in residential soil and dust in a mining and smelting district - - -
in northern Armenia: a pilot study™ ™™ alNf Range (mg/ke)  n{¥) w n{) Hange (mg kg)
Varduhi Pelrosyan[,;;in;:rglrlbo:;i I(\_;t::rlrei: ‘]i;nD;:;iﬁ,:d Emil Babayan,® As 16 {20) 171524 17 {18) 17448 24 {30) 54 )
’ & Cr toial ({200 —_ 1 (1%} i52 3300 324423
* Depertment of Heith Policy and Management, Jokns Hopkins Bloombery School of Public Health, 624 N. Broadvay, Room 300, )
. Baltimore, MD 21205 US4 Ca 3200 X232 6 (18) I7 5528 5 (300 3 5-h3h
Health Policy and Management Department, Jobs Heplins Bloomberg School of Public Health, Baltimare, MD, USA §
* Ermirommental Consersaion and Research Cente, American Uiersiy of Armenia. Veretan, Armenis Cu 1% {20) A} - w848 18 {18) SA—5930 30 {300 4 7-50%4
% Environmental Toxicology, University of California at Sante Cruz, Sania Criz, CA, US4
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? Emironmental Science and Engineering Progrems, University of ldaho, Moscow, 1D, USA
Received 30 January 2003; received in revised form 19 May 2003; accepted 27 May X003 E[E l:l {2':'_:' — l:l {‘I‘H_:l — l:l {ﬁ:l_:l -
Mn 19 {20} 5371w 17 {18} 52144 24 30 [F-1779
Abstract Mo 15 {20} 14-3% 16 {18} 14153 28 (30} 15219
This pilot study of sources of lead exposure in residential scttings was conducted in a mining and amelting district in northern Pda ] {]I:l_:l —_ 2 1_'|.H_:| 157158 @ {TI} 17337
Armenia. Samples of cxterior seil and dust and interior house dust were collected in and around apartment buildings in Alaverdi
where m:eoul;rt‘r}"slargcst polymetallic smelter islocated, and in nearby mining towns of Aghtala anr:s'hamTugh.T:?NlT()N XL- Eh B {20) 1124 T8} 1027 3E0) 13-1%
713 Mult-Element XRF analyzer was used for lead testing. Lead levels in samples from Alaverdi were higher than those in A
snsmlug: and Aghlm'la Inall :}hme towuns, the nignesn:ad[lngﬂswm found in locse exterior dust samples, and tead concemirators e 320 li-12 4 (1%} 12-31 B 30) 1130
in yard sil were higher than those in garden soil. Many soil samples (4%4) and the majority of loose dust samples (77%) in -
Alaverd sxconded the US Emironmantal Protestion Asency standard o}'-mnm;'::; for bare el chﬂd.rtt:‘sm;‘h) arcas. In Sf 2020} N5 15 {15} Sl S0 30h 1252510
ition. %% of floor dust sa: s from a) ents in Alaverdi excee e US Envionmental Pro ion ncy standard of -
ﬁi;n’ r?r 1:?&1?03&?1; [in r‘:‘:m:ia‘l mT::E,[ uTmA;mgm Mi:f:r‘: o:'-i:anh and n:r:rpin:qrulndtin;esla:atting In 20} (200 751160 18 (18) 951450 30 (30D (L2 1-37049
informed about the findings of the study so that they can consider and develop educational and preventive programs including blood oy i) {EII} W77 1% U'H.:' 47-73 30 ‘.-{I.:' 473
lead serecming among sesitive populations.
© 2003 Ekevier Inc. All rights reserved
Kemonds A, Srelice Lead: Resdentil s s dust A, the number of sampls with deteciable level of metals; &, the toial number of samples collected.

o



Exposure Factors

“Exposure factors Findings:

are factors related to .

human behavior and » Little data on .
characteristics that population-specific
help define an exposure factors

individual’s exposure

; — Intake rates (soil)
to an agent.
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The sources and chemical content of edible " *&% &
in markets in Tanzania: a cross-sectional analytlcal

— Activity patterns

Charisma U. Msoffe - Elias C. Nyanza® - Deborah S. K. Thomas -
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Estimating Exposures and Risks

Step 1

Step 2

el I Findings:
e s - Limited reliance on
e e traditional exposure and
risk estimation
Rf_/ approaches
Step 3

- Limited exposure
i Ol modeling except lead
j uptake in children (EPA
IEUBK model)

I =(C X CR X EFD) = (BW x AT)
i iables that d 'b/\h / A N

related exposed population determined
variable (exposure factors) variable WORLD BANK GROUP

Pathway-Specific
Exposure




Estimating Exposures and Risks
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Human Exposure Pathways of Heavy Metals in a Lead- Pakehoi . /\;
. . . . . . Sy
Zinc Mining Area, Jiangsu Province, China Cabbege—~icad}
1.4 1 2 3 1 1 Spinach —*¥] ;
Chang-Sheng Qu™”, Zong-Wei Ma’, Jin Yang~, Yang Liu®, Jun Bi"* Lei Huang " /,f
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Heavy metal pollution is becoming a serious issue in developing countries such as China, and the public is increasingly Outdoor —%°
aware of its adverse health impacts in recent years. We assessed the potential health risks in a lead-zinc mining area and 06) y
attemipted to identify the key exposure pathways. We evaluated the spatial distributions of personal exposure using 2% o '
indigenous exposure factors and field monitoring results of water, soil, food, and indoor and outdoaor air samples. The risks /{3'1 /d
posed by 10 metals and the contribution of inhalation, ingestion and dermal contact pathways to these risks were Water O
estimated. Human hair samples were also analyzed to indicate the exposure level in the human body. Our results show that .
heavy metal pollution may pose high potential health risks to local residents, especially in the village closest to the mine o e -
V1), mainly due to Pb, Cd and Hg. Comrespondingly, the residents in W1 had higher Pl [8.14 mg/kg) lewels in hairthan thase Pakchoi ~6 & Q-
8

inthe other two villages. Most of the estimated risks ame from soil, the intake of self-produced vegetables and indoor air

inhalation. This study highlights the importance of site-specific multipathway health risk assessments in studying heavy- Food
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metal exposures in China. P! &
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Biomonitoring Data

Findings:

EXPOSURESCIENCE « Limited use and
Interpretation of
biomonitoring data

« Many differences Iin
study design, data
guality, health
benchmarks, internal
dose metrics, etc.
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Measuring Health Outcomes

Health Outcome Measurements:
« Self-reported symptoms

EARLY CHILDHOOD
ASSESSMENT

Clinical examinations

ND ¢
s
”
o\
S

Standardized tests/instruments

Medical diagnoses

J .‘- ﬁ-“ fsl;

Findings:
* |nsufficient data collected on health outcomes

+ Use of different (unvalidated) measurement

tools and diagnostic criteria
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Summary

* Many studies provide useful data on site
contamination and public exposures, but
study objectives and sampling strategies
differ widely

» Unable to link environmental contamination
from specific industrial sites or activities to
population exposures and health outcomes

* Knowledge and data gaps hinder ability to
guantify public health impacts from land-
based pollution in LMICs
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Recommendations

* Develop systematic framework and uniform
protocols for future data collection and
sampling in LMICs

» Support greater use of traditional exposure
and risk assessment methods and tools

» EXxplore use of risk analysis approaches to
iImprove risk management decision-making
INn LMICs
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Risk Analysis Approaches

Risk Analysis, Vol 0, No. 0, 2021 DOL: 10.0111/risa. 13699

* Precautionary

D) rl n C I al Risk Analysis Approaches to Evaluating Health Impacts
p from Land-Based Pollution in Low- and Middle-Income

Countries
 Human Health
Pamela R. D. Williams,"* Katherine von Stackelberg ©©,2 Mayra Gabriela Guerra Lopez,?
g Al P
. and Ernesto Sanchez-Triana®
Risk analysis offers a useful framework for evaluating and managing environmental health
risks across different settings. In this Perspective, we question whether the principles and
Y practice of risk analysis could be beneficial in the context of land-based pollution in low- and
a l I e — O — middle-income countries (LMICSs) to better support risk-based decision making. Specifically,

potential health and economic impacts from land-based pollution in LMICs has become an
increasing issue of concern due to widespread environmental contamination from active and

- legacy operations, particularly informal activities that are becoming increasingly dispersed
n r I I I I n throughout communities, such as vsed lead acid battery recycling, artisanal and small-scale
gold mining, and small-scale tanneries. However, the overall magnitude and scale of the pub-

lic health problem arising from these sources remains highly uncertain and poorly character-
L ized and cannot be compared to land-based pollution in high-income countries due to unique
factors. This lack of knowledge has negatively affected the political priority and level of fund-
n a S I S ing for risk mitigation actions targeting land-based pollution in these countries. Qur primary
objective is to raise further awareness of this emerging issue among risk analysts and deci-
sionmakers and to advocate for more robust and focused research. Here, we highlight the
types of industries and activities contributing to land-based pollution in LMICs and describe
key findings and knowledge and data gaps that have hindered a fuller understanding of this
issue. We also discuss how several risk assessment and risk management approaches might be
useful in this resource-constrained context. We conclude that a combination of risk analysis
approaches may be worthwhile, but more work is needed to determine which methods or
tools will be most informative, technically feasible, and cost-effective for identifying, priori-
tizing, and mitigating land-based pollution in LMICs. Affected researchers, funding agencies,
and local or national governments will need to work together to develop improved study
designs and risk mitigation strategies.
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