
Heavy Metal Soil Contamination in the
Westside of Atlanta

Eri Saikawa
July 13, 2021

Environmental Sciences, Emory University



Air Pollution in Beijing - 2014

1



Garbage Burning in South Asia

Saikawa et al., ES&T, 2020 2



Air Pollution and Agriculture

3



Climate-Smart Agriculture?

1. Sustainably increase agricultural productivity & incomes
2. Adapt and build resilience to climate change
3. Reduce greenhouse gas emissions
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Living Mulch System

Quantifying the effects of various organic practices on soil health and soil trace gas emissions  

   3  

The need to identify and develop multiple, alternative control strategies for integrated weed 
management in organic vegetable production in the Southeastern US has been recognized and continues to 
generate research to assist producers (Smith et al. 2007, Treadwell et al. 2007). Many studies in the 
Southeast have evaluated the efficacy of cover crops for weed control in reduced-till organic vegetable 
production with most, but not all, results showing positive weed suppression by cover crops compared to 
fallow or no-cover system (Chellemi and Rosskopf 2004, Norsworthy et al. 2007, Price and Norsworthy, 
2013, Treadwell et al. 2007, Wang et al. 2008).  

Some vegetable crops have been grown successfully in organic production systems in the Southeast 
(Mulvaney et al. 2011, Vollmer et al. 2010, Treadwell et al. 2008). However, research in organic vegetable 
production systems has shown issues with lower yields due to weed pressure and lower N. More studies 
are essential to assess impacts of not only weed control in reduced-till production but also how 
different organic practices, such as using different types of cover crops, affect soil health and soil 
trace gas emissions in a holistic manner.   
 
1.2  The ‘Living Mulch System’ (LMS) 
One system that capitalizes on the principles of soil health that co-PD Hill has been testing is what is called 
the ‘living mulch system’ (LMS), using cover crops (Andrews et al., 2018, Sanders et al., 2017). This 
system utilizes a perennial rather than an annual cover crop to improve the soil health (Doran and Zeiss, 
2000). Some perennial mulch crops have the capability of re-occupying intra-row areas after crop harvest 
to provide cover during winter months, with subsequent re-planting of field crops into the same mulch crop 
the following year. Both monocot and dicot plant species are used for living mulch cover crops, but legumes 
have the potential to add N to the cropping cycle (Andrews et al., 2018, Sheaffer et al., 2012, Smil et al., 
1999). Producers are keenly aware of the consequences of land degradation and are willing to assist 
researchers to find solutions to threatening land and crop management problems. Two producer groups with 
concerns over erosion and fertilizer/pesticide costs have provided co-PD Hill with limited funding to 
develop a LMS for corn production for the southeastern USA. The project started in the fall of 2011 using 
‘Durana’ white clover as the living mulch crop. White clover is a stoloniferous perennial legume, which is 
easy to establish. It provides a dense canopy at the soil surface and, if suppressed prior to planting, has 
minimal competition with the developing corn crop. The corn grows and shades the clover plants causing 
their leaves to senesce, thus providing additional N to the corn (Sanders et al., 2017, 2018). After corn 
harvest, the warm fall and moderate winter temperatures in the Southeastern U.S. allow the clover to re-
establish across the corn rows and the clover perpetuates from year-to-year (Figure 2).  

 
March 15       May 1          July 15         August 30 

         (Winter) 
Figure 2. Pictoral representation of the production cycle of Durana clover living mulch system. A solid 
stand of clover is established in fall/winter, strips of clover are killed/suppressed and plants (in this case 
corn) planted, plants shades the clover forcing leaf senescence, weakened clover plants re-grow and cover 
the ground for subsequent years. 
Source: Nick Hill

Can we reduce soil ammonia and greenhouse gas emissions from
corn fields by using the living mulch system?
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Four different techniques

No cover cropLiving mulchCereal ryeCrimson clover

Peters et al., 2020 6



Food Desert in the US
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Community Gardens in Atlanta
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Urban Agriculture AgLanta
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Soil Contamination
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Heavy Metals and Metalloids (HMM)
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Health Impacts of Lead Exposure

14The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential

General:
•  Sluggishness
•  Fatigue
•  Malaise

Lead Poisoning Symptoms in Newborns
from Prenatal Exposure:
•  Premature birth
•  Lower birth weight
•  Slowed growth

Stomach:
•  Loss of appetite
•  Weight loss
•  Anaemia
•  Abdominal pain
•  Nausea and vomiting
•  Diarrhoea or constipation
•  Colic

Neuro/Muscular:
•  Seizures
•  Convulsions
•  Loss of coordination
•  Weakness
•  Coma

Central Nervous System:
•  Headaches
•  Developmental delay
•  Learning difficulties
•  Behaviour and learning problems, or slowed growth
•  Aggression
•  Irritability
•  Clumsiness
•  Agitation
•  Drowsiness
•  Inattentiveness
•  Hyperactivity
•  Disorganization

Ear:
•  Hearing problems
•  Balance

Skin:
•  Unusual paleness  

Mouth:
•  Slurred speech
•  Blue line along the gum
•  Pica activity

Signs and Symptoms of Lead Poisoning

A challenge with childhood lead poisoning is that it is typically insidious. At 
low to moderate levels of exposure and blood lead levels, there are typically 
no symptoms at all and no physical signs that are apparent to a clinician. At 
moderate to high levels of exposure, children may complain of a variety of 

non-specific symptoms, such as headaches, abdominal pain, dullness, loss 
of memory, poor attention, loss of appetite or constipation.71  The impacts 
of lead poisoning on neurological processes and the central nervous system 
may result in indications of clumsiness, agitation or decreased activity and 
drowsiness, which can proceed to vomiting, stupor and convulsions in more 
severe cases.72 

Figure 5   Lead Poisoning Symptoms in Children

UNICEF report, 2020
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How lead affects IQ scores

11 The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential

When calcium (Ca2+) enters a neuron, the neuron releases neurotransmitters (green diamonds) to send a signal to the next neuron. Lead (Pb2+) can 
interfere with this process in two ways. When lead blocks calcium entry into the neuron, the neuron releases less neurotransmitter and sends a weaker 
signal to the next neuron. Lead can also cause aberrant neurotransmitter release when calcium is not present.

Source: Mary Gearing and Krissy Lyon, SITNBoston, Harvard University Graduate School of Arts and Sciences. See: http://sitn.hms.harvard.edu/flash/2016/deadly-biology-lead-exposure/)
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Figure 3   Lead Alters Neurotransmitter Release

UNICEF report, 2020
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Distribution of IQ scores due to lead exposure in US

10The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential
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Source: The WHO and the Lead Paint Alliance54, originally Weiss B. Neurobehavioral toxicity as a 
basis for risk assessment. Trends Pharmacol Sci. 1988;9(2):59-62.doi:10.1016/0165-6147(88)90118-6.

Figure 2   Losses Associated with a 5-Point Drop in IQ per 100 
                 Million People

© Pure Earth

UNICEF report, 2020
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Blood lead levels

13 The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential

Children & Adults

<5 µg/dL

Decreased IQ, cognitive performance and academic achievement; 
increased incidence of problem behaviours and diagnosis of attention 
deficit/hyperactivity disorder; reduced fetal growth (based on maternal 
blood concentration); impaired renal function; reduced synthesis of 
aminolevulinic acid dehydratase (ALAD), contributing to anaemia

<10µg/dL Delayed puberty; developmental toxicity

<20 µg/dL
Increased level of erythrocyte protoporphyrin; decreased vitamin D 
metabolism; decreased calcium homeostasis

>20 µg/dL Anaemia

>30 µg/dL
Reduced nerve conduction velocity; increased vitamin D metabolism; 
increased risk of hypertension in adulthood

>40 µg/dL Decreased haemoglobin synthesis

> 50 µg/dL Severe neurological feature

> 60 µg/dL Abdominal coli; features of acute poisoning but no encephalopathy

> 90 µg/dL Encephalopathy

> 105 µg/dL Severe neurological features

150 µg/dL Death 

Adults

<5 µg/dL
Impaired renal function; reduced synthesis of delta-aminolevulinic  acid 
dehydratase, contributing to anaemia

<10 µg/dL
Hypertension, increased cardiovascular-related mortality, spontaneous 
abortion, preterm birth

> 40 µg/dL Peripheral neuropathy, neurobehavioural effects, abdominal colic

> 50 µg/dL Decreased haemoglobin synthesis

Figure 4   Effects of Blood Lead Levels on Children and Adults

Blood Lead 
Levels in 
!g/dL 
(micrograms 
per deciliter)

Effects

Source: The World Health Organization65  

No safe blood lead level in children has been identified. 
Even low levels of lead in blood have been shown 
to affect IQ, ability to pay attention and academic 
achievement...Effects of lead exposure cannot be 
corrected".66  The absence of an identified BLL without 
deleterious effects, combined with the evidence that 
these effects appear to be irreversible, underscores the 
critical importance of primary prevention.67    

-- The US Centers for Disease Control and Prevention.

The Molecular Process that 
Causes Lead Toxicity

At a molecular level, lead alters very basic nervous system functions 
– such as calcium signalling. It does so by inhibiting, mimicking 
or displacing the actions of calcium.68 It can then bind biological 
molecules, including sulphydryl and amide groups of enzymes, 
and alter their configuration as well as diminish and interfere with 
their functions, including the releasability of organelle stores.69 
In some cases, it prevents calcium-dependent release of several 
neurotransmitters, and in others it can augment calcium-dependent 
events, such as protein kinase C and calmodulin.70 Each of these 
channels and processes inhibit major functions associated with 
neurological development and the healthy growth of a child.

UNICEF report, 2020
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The source of lead exposure?

27 The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential
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Figure 7   Where Lead Can be Found

1. Some traditional cosmetics
2. Lead-based paints and pigments
3. Some toys and jewellery
4. Certain herbal, traditional and ayurvedic medicines
5. Dust and chips from peeling, cracking lead-based paint 
6. Certain spices and candies
7. Some solders in food cans
8. Lead-based ceramic glazes on dishes and cooking pots
9. Some metallic cookware 
10. Leaded gasoline
11. Lead water pipes and fixtures
12. Contaminated industrial sites
13. Unsound ULAB recycling sites
14. Emissions from waste incinerators
15. Contaminated soil where children play and food is grown
16. Family members with occupational exposure who bring lead dust home on clothes and shoes

Note: The above infographic is an illustrative example only of likely sources of lead exposure. It is not meant to be fully comprehensive of all possible exposure pathways.UNICEF report, 2020 16



Current standards for lead

• No safe levels of lead for children
• Lead exposure is preventable
• Knowledge and prevention is key

29 The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential

matter over wide swaths of surrounding neighbourhoods. Lead-laced acid 
from the batteries is often drained onto the bare ground or dumped directly 
into waterways, contaminating irrigation water and, ultimately, crops and 
fish.18 Plastic battery cases are also frequently recycled, and, if inadequately 
washed, can contaminate other plastic items with lead.19 

People, and especially children, living near recycling sites are at risk of lead 
exposure from the dust and fumes generated by the operations.20 A 2011 
literature review involving studies from 37 countries published from 1993 
to 2011 found average blood lead levels in children living near lead battery 
manufacturing and recycling facilities to be 19 µg/dL – almost four times the 
US CDC reference level of 5 µg/dL requiring intervention.21 Furthermore, the 
review found that workers had a mean blood lead level concentration of 64 
µg/dL, with a range of 37.7 to 112.5 µg/dL. Airborne lead particles in these 
battery facilities were measured at an average of 367 µg/m3, which is seven-
fold greater than the US Occupational Safety and Health Administration’s 
50 µg/m3 permissible exposure limit. Another comprehensive study in 2016 
estimated there were 10,599 to 29,241 informal used lead-acid battery 
recycling sites in 90 countries.22 The calculated mean BLL for exposed 

children (ages 0-4) at these sites was 31.15 µg/dL. The geometric mean BLL 
for adults was 21.2 µg/dL.

It is estimated that in Africa alone more than 1.2 million tonnes of used 
lead-acid batteries enter the recycling economy each year and much of that 
goes to informal operators.23 Even formal battery recyclers have been known 
to pollute: breaking batteries with axes or machetes that expose workers 
to acid and lead dust and contaminate the surrounding areas and local 
watersheds with improperly stored lead.24 While some secondary lead is 
used to make fishing weights and cookware, most of it does not meet purity 
requirements for battery production, and so is shipped to lead refineries 
primarily in Asia and Europe.25 Soil samples taken from outside lead battery 
recycling plants across seven African countries, among them Nigeria, Ghana, 
Kenya and Tunisia, found lead levels that range from < 40 ppm to 140,000 
ppm, with 81 per cent of soil samples having lead levels greater than 80 
ppm and 64 per cent of samples having soil lead levels greater than 400 
ppm.26 By comparison, the US Environmental Protection Administration has 
established limits of 400 ppm for lead in bare soils in play areas and 1,200 
ppm in non-play areas.

0.5 µg/m3 
(annual average)

10 µg/L 400 ppm 
(US EPA)

Airborne contenta

WHO and CDC state no 
safe level; CDC threshold 

for action 5 µg/L

Blood lead level content Drinking water contentb Soil contentc

Figure 8   

a. Air Quality Guidelines for Europe (2nd Ed) 2000 (https://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf) pg 152
b. Guidelines for Drinking-water Quality (First Addendum to the Fourth Edition) 2017. (https://www.who.int/water_sanitation_health/publications/gdwq4-1st-addendum/en/) pg 54
c. US EPA. 40 CFR Part 745, 2001 (https://www.govinfo.gov/content/pkg/FR-2001-01-05/pdf/01-84.pdf)UNICEF report, 2020
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Lead Exposure in GA

• 2,333 Georgia children test positive for lead exposure

• Seed Grant: Quantify baseline levels of heavy metal soil
contamination in West Atlanta neighborhood

18



Target area

• Historic Westside -
low-income, primarily
African-American
neighborhood

• Historically industrial
area

19



Lead Exposure in Metro Atlanta

Distler and Saikawa, 2020 20



Screening Rates in Atlanta

Distler and Saikawa, 2020
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Lead levels in Atlanta soils
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Slag found in the neighborhood
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EPA site investigation
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Investigation area
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Investigation area expanded again
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Survey Results

Are you concerned about soil HMM contamination?

 
 
 

Concern	of	Participants	with	Potential	Health	Effects	of	HMM	Contaminants	in	Soil	by	
race	(top)	and	by	types	of	gardens	(bottom).			

 
Not concerned 

at all 
Not very 

concerned Neutral Concerned Very concerned 
Black or African American 9.1% 18%  27%  27%  18%  

White or Caucasian 11%  29%  7.1%  46%  7.1%  

Total question respondents: 44  
 

  Not concerned at all Not very concerned Neutral Concerned Very concerned 
Both 9.1%  27%  9.1%  36%  18%  

Community garden 10%  30%  20%  30%  10%  
Home garden 9.1%  18%  18%  50%  4.6%  

Neither 0%  0% 0%  0%   1.0%  

a b 

Balotin et al., 2020
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Bioaccessibility

Figure: Laura Toledo 29



How to test for bioaccessibility?

Figure: Laura Toledo
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Bioaccessibility
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Peters et al., in prep
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Phytoremediation/Phytostabilization

Phytoextraction
Pros: removal of heavy metals
from the soil

Cons: the effectiveness is
associated with bioaccessibility

Phytostabilization
Pros: root accumulation of heavy
metals; heavy metal
immobilization in the rhizosphere;
decreased resuspension and
leaching

Cons: most heavy metals stay in
soil; long-term cultivation and
monitoring needed

Fritioff, 2003 32



Phytoremediation experiment in the field

Photo: Alicia Wun 33



Phytoremediation/Phytostabilization

Soil Pb reduction after the experiment

Measured by XRF Measured by ICP-MS

Decrease of 21.7 ppm (p=0.0970) Decrease of 20.8 ppm

n=12 n=12 n=3 n=3

107 ppm

85.3 ppm
69.2 ppm

48.4 ppm

Wun et al., in prep
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Phytoremediation/Phytostabilization

Experiment in the greenhouse
Selected Plant Species

Brassica pekinensis 
(Chinese cabbage) 

Helianthus annuus 
(sunflower) 

Gomphrena globose 
(globe amaranth)

Vigna unguiculata
(cowpea) 

Yao et al., in prep
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Phytoremediation/Phytostabilization

Soil Pb reduction after the experiment

The main accumulation site was the root.

Pb concentration: root > stem > leaf > 
flower (except cowpea).

Yao et al., in prep. 36



Conclusion

• There are no safe levels of lead for children.

• Lead exposure is preventable.

• Only about 20% of children are screened for blood Pb levels in
GA and 2,333 have high levels.

• High lead, zinc and other HMM concentrations found in urban
soils in West Atlanta.

• Phytoremediation may be an effective strategy for the
community.
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Two methods to test soil HMM

X-Ray Fluorescence (XRF)

Alter Technology

Inductively Coupled Plasma with
Mass Spectrometry (ICP-MS)

Hitachi

38



XRF/ICP correlation

Peters et al., in prep 39



HMM soil concentrations

38 samples analyzed in ICP-MS

Pb (EPA: 400ppm, UGA: 75ppm); Zn (EPA: 23,000 ppm, UGA: 100ppm)

Cr (EPA: 2,300ppm, UGA: 100ppm); Cu (EPA: 3,100ppm, UGA: 100ppm)

Se (EPA: 390ppm, UGA: 2ppm); Cd (EPA: 71ppm, UGA: 2ppm)
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Participate in Community Science SoilSHOP!
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Saikawa Group Members
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Questions?

We would love to hear from you - thank you for listening!

• Please send an e-mail with your questions and comments to
eri.saikawa@emory.edu.

• Follow me on Twitter @esaikawa.

• Follow my lab instagram @saikawalabemory

• Check out our project website: https://atlsoilsafety.com/

• Participate in Community Science SoilSHOP!
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Soil Parameters

Soil Parameter CC CR LM TR 

Soil Mois. %WFPS 17 (17, 18) 18 (17, 19) 18 (17, 19) 19 (18, 20) 

Soil Temp. °C 23.2 (22.4, 23.9) 22.7 (21.8, 23.5) 22.7 (21.7, 23.7) 22.5 (21.5, 23.4) 

Bulk Density g/cm3 1.36a 1.40a 1.25b 1.41a 

Porosity % 48.7a 47.0a 52.3b 47.0a 

Ksat mm/hr 353a 307a 1523b 161a 

Water held cm3/cm3 46.3 46.3 47.0 46.7 

Labile C mg/kg 641a 550a 788b 576a 

Letters a and b denote significant differences at α=0.05 
 



Sample Locations

Green: < 400 ppm Pb
Yellow: Some DU > 400
Red: Overall DU > 400



Heavy Metal Contamination
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Heavy Metal Contamination
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Food Desert in Atlanta



No Access to Vehicles in Atlanta



Phytoremediation/Phytostabilization

Chemical/Biomass Amendments for sunflower

• Compost - increase plant biomass and immobilize heavy metals
in soil.

• EDTA - increase Pb solubility for plant uptake by functioning as a
hexadentate ligand.Factors Influencing Phytoremediation

● Bioavailability of heavy metals  in soil

● Plant biomass

● To overcome these limitations, chemical and biomass amendments can be used.

○ EDTA - increase Pb solubility for plant uptake by functioning as a hexadentate 

ligand.

○ Compost - increase plant biomass and immobilize heavy metals in soil.

Cited from pharmafactz.com, 2019
Yao et al., in prep



Phytoremediation/Phytostabilization

Soil Pb reduction after the experiment

The Pb concentrations in the roots 
and shoots of sunflower with EDTA 
increased significantly compared to 
without treatment (p < 0.05).

Yao et al., in prep.
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