
Determination of heavy metal 
accumulation in Earthworms, Lumbricus 

rubellus, collected from the Macatawa 
watershed



Purpose

The purpose of this experiment is to determine 
heavy metal (Cd, Pb, Ni, and Cr), concentration in 

earthworms, Lumbricus rubellus, within the 
Macatawa watershed, to estimate the potential 

exposure risk to the environment and the 
ecosystem via biomagnification. 



Background: Why Worms?
● Earthworms play an integral role in soil 

formation (Hirano and Tamae 2011)

● Soil invertebrates have been suggested as 
indicators for determining soil health and 
quality (Edwards 1994)

● Earthworms are typical prey for 
terrestrial organisms, biomagnification of 
heavy metals is a relevant concern (Katagi 
and Ose 2015)



Background Cont.

Biomagnification is the 
process in which a 
compound increases its 
concentration in the 
tissues of organisms as 
it travels up the food 
chain.



Metal Cadmium Lead

Risk to Humans - Damages to respiratory, renal, 
skeletal, and cardiovascular systems

- Development of cancers in lungs, 
kidneys, prostate, and stomach

- Damages kidneys, liver, heart, 
brain, skelton, and the 
nervous system

Exposure 
Pathway

- Ingestion of contaminated food
- Smoking cigarettes
- Contaminated workplaces

- Inhalation of contaminated 
air

- Ingestion of contaminated 
food or water

Background: Metals
(Kinuthia et al. 2020)



Metal Nickel Chromium

Risk to Humans - May cause dermatitis, allergy, organ 
diseases, and cancer of the 
respiratory system

- Toxic and carcinogenic
- Associated with slow healing 

ulcers
- Can destroy DNA in cells

Exposure 
Pathway

- Inhalation of contaminated air
- Ingestion of contaminated food or 

water

- Inhalation of contaminated 
air

- Exposure in contaminated 
workplaces

- Water soluble compounds

Background: Metals
(Kinuthia et al. 2020)



Questions
1. What are the concentrations of the heavy metals, Cd, Pb, 

Cr, and Ni in earthworm samples?

2. How do the sub-locations of sampling sites correlate 
with each other?

3. How do the sub-locations correlate with both human 
exposure and ecological impact, potentially, which has 
the most risk associated with it?

4. What are the biomagnification risks and possible 
ecological/human health implications associated with 
these heavy metal concentrations in worm samples?



Methods
Eleven sampling 
locations were 
selected within 
the Macatawa 

watershed, 
including 

sub-locations 
that represent 

industrial, 
agricultural, 

residential, and 
woodland areas. 



Site Breakdown
1. Industrial Areas: Sites 1, 2, 3

a. Kollen Park (North, East, and 
West sides): Situated between 
two active industrial plants.

2. Agricultural Areas: Sites 4, 5, 6
a. Al-Ott Farms: Soybean and 

cornfields used for animal feed 
and vegetable oil production. 
Sites 4 and 6 were corn fields. 
Site 5 was a soybean field.



Site Breakdown Cont.
3.  Natural Areas: Sites 7 and 8

a. Stu Visser Trails: Wetland area with 
possible leaching. 

b. Quincy Park: Dermal exposure to small 
children and located next to a former 
dump site.

4.  Residential Areas: Sites 9, 10, 11
a. Smallenburg Skatepark: Data point for 

south Holland and middle of the 
Macatawa Watershed.  

b. Southeast 13th St. - Erin’s House:  
Greatest risk of dermal exposure.

c. West Holland Neighborhood - 
Madison’s House: Greatest risk of 
dermal exposure.



Sampling Methods

Collect 10 - 15 worms at each 
sampling location

Place worms in crucibles, 
labeled by location, and wrap 

in foil for fridge storage

Store worms in refrigerator 
for one week to excrete soil 

contents



Filter solution to remove 
large particles

Prepare stock solutions of 
cadmium, lead, nickel, and 

chromium in concentrations 
of 0.5 ppm, 1 ppm, 5 ppm, and 

10 ppm

Digest worms using various 
chemicals

Methods Heavy Metals: Atomic Absorption Analysis 
(Hobbelen et al. 2006)

Perform atomic absorption 
analysis



Methods Heavy Metals: Atomic Absorption Analysis 

Worm Solutions Standard Solutions



Note: All units are in ppm
(G) Groundwater surface water interface (GSI) criterion depends on the pH or water hardness, or both, of the receiving 
surface water.
(X) The GSI criterion shown in the generic cleanup criteria tables is not protective for surface water that is used as a 
drinking water source.

1WHO Limits, http://www.irjes.com/Papers/vol3-issue2/A03020109.pdf
2Michigan Part 201 Generic cleanup criteria and screening levels, 
https://www.michigan.gov/documents/deq/deq-rrd-Rules-Table2SoilResidential_447072_7.pdf
3New Jersey Site Remediation Program, Soil Cleanup Criteria, https://www.nj.gov/dep/srp/guidance/scc/

Safe Limits of Heavy Metals
Metal WHO (soils for 

agriculture)1

Part 201 Standard 
Default 

Background Level 
(MI)2

Part 201 Direct 
Contact Criteria 

(MI)2

Part 201 
Residential 

Drinking 
Water 

Protection 
Criteria2

Part 201 
Groundwater 
Surface Water 

Interface 
Protection 
Criteria2

Residential 
Direct Contact 
Soil Cleanup 
Criteria (NJ)3

Cd 3 1.2 550 6 G, X 39

Pb 100 21 400 700 G, X 400

Ni 50 20 40,000 100 G 250

Cr 100 18 790,000 30 3.3 240



Results: Cadmium
The WHO recommended safe limits of Cd in soils is 3 ppm

Detection Limit: 0.02 ppm

Elevated levels of Cd: 
● Residential site(s): 11
● Industrial site(s): 2 



Results: Lead
The WHO recommended safe limits of Pb in soils is 100 ppm 

Detection Limit: 0.01 ppm

Elevated levels of Pb: 
● Residential site(s): 10 

and 11
● Industrial site(s): 2 

and 3



Results: Nickel
The WHO recommended safe limits for Ni in soils is 50 ppm 

Detection Limit: 0.01 ppm

Elevated levels of Ni:
● Residential site(s): 

9, 10, and 11



Results: Chromium
The WHO recommended safe limits of Cr in soils is 100 ppm

Detection Limit: 0.01 ppm



Soil Concentration vs Bioaccumulation   
Corp et al., 1991, Dai et al., 2004, Cortet et al., 1999

● Metal availability for bioaccumulation is heavily influenced by soil characteristics 
(pH, oxidation state, solubility, etc…)  

● According to the literature, there is typically a strong positive correlation between 
proportion of heavy metals accumulated in worm tissue to concentration of heavy 
metals in contaminated soil

● We can infer that the concentration of metal in soils is typically higher than the 
concentration in worm tissues

https://www.sciencedirect.com/science/article/abs/pii/026974919190025R#!


● How do the sub-locations of sampling sites correlate with each other? 

Residential and industrial sites were determined to have elevated levels for 
Ni, Pb, and Cd 

● How do the sub-locations correlate with both human exposure and ecological 
impact, potentially, which has the most risk associated with it?

According to our data the most risk would be associated with industrial and 
residential sites

● What are the biomagnification risks and possible ecological/human health 
implications associated with these heavy metal concentrations in worm samples?

There is little risk associated, as all concentrations were within safe 
detection limits

Conclusions



Future Directions
1. Repeat our experiment

a. Using different methods of analysis, i.e. ICP (Inductively coupled plasma 
mass spectrometry)

b. Obtain a larger sample size
c. Test both the worms and the soils

2. Test other metals
a. Thallium
b. Methyl-Mercury
c. Arsenic

3. Test for DDT
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