
Johan Schijf

UMCES Chesapeake Biological Laboratory



1794



Mozart

1794

Beethoven



Antoine-Laurent de Lavoisier

1794

Johan Gadolin



Formally proposed by

Dmitri Ivanovich Mendeleev 

in 1869



1745



1794



1865



Why should we care about the elements?

High-Technology!
Bronze age (~3000–1200 BC)



“Portable” phones
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ca. 1980: ~30 elements today: ~75 elements



Other emerging technologies

Automotive: rechargeable batteries, catalytic converters

(Ce, Co, Gd, La, Li, Mn,

Pb, Pd, Pt, Rh, V, Y)

Permanent magnets: wind turbines, electric vehicles

(Dy, Nd, Pr, Tb)

Advanced lighting: CFL and LED

(Ag, Ce, Eu, Ga, Ge, In, La, Mn, Sn, Tb, Y)

Solar panels (Ag, Ga, In, Ni, Se, Sn, Te)



Major concerns with regard to global 

resources of specialty metals 

1. Unknown toxicity

2. Low economic

incentive for

production

3. High environmental impact from mining and refining
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4. Small opaque markets and lack of supply chain 

diversity lead to high price volatility

Courtesy: Dr. Ron Eggert

Colorado School of Mines



today: ~75 elements

5. Ore deposits can be very unevenly distributed



China completely controls the rare earths market

Du and Graedel (2011) Environ. Sci. Technol. 45, 4096–4101.



Major concerns with regard to world 

resources of specialty metals (2) 

6. Some specialty metals 

are exceedingly rare

7. Finite resource with no 

viable alternative

8. Significant losses in 

refining/manufacturing

9. e-Waste recycling is 

non-existent or 

currently unfeasible

Izatt, Izatt, Bruening, Izatt, and Moyer (2014)
Chem. Soc. Rev. 43, 2451–2475.



Three vignettes from Johan’s research

1. The really toxic metal that you had never heard of and 

that is absolutely everywhere

2. How to use plants (and bacteria) to recover metals 

from waste and contaminated sites (phytoremediation)

3. How to use plants to estimate the amount of metal at a 

contaminated site over time (biomonitoring)
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Gadolinium has been widely used all 

over the world to enhance contrast in 

medical magnetic resonance imaging 

(MRI) diagnostics since the late 1980s

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cp Fl Lv

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

Image: Raleigh Radiology



Mg, Ca, Fe 

EDTA =

EthyleneDiamineTetraacetic Acid

Here are some fun facts:

• Gd is highly toxic to humans

Gd

DTPA =

DiethyleneTriaminePentaacetic Acid

• Gd-DTPA is fully excreted via urine within hours after intake

• Typical administered dose is ~1 gram per patient per treatment

• Typical treatment rate is 5 patients per hospital per day

• Amount of natural Gd in 1 liter of river water is ~0.00000004 gram



Bau and Dulski (1996) 

Earth Planet. Sci. Lett. 143,

245–255.

• Gd contamination first reported in 1996 in German rivers 

downstream of wastewater treatment plants

• Ubiquitous in countries with well-developed healthcare systems

• So much Gd in rivers now that it is used as a wastewater tracer

Gd contamination can be 

directly shown by using its 

Periodic Table neighbors

More fun facts:

• Gd-DTPA is NOT broken down and removed by: 1. bacteria; 2. UV 

radiation; 3. chlorination; 4. flocculation

• Consequently, it is impervious to advanced waste water treatment



Gd concentrations have increased 

exponentially in San Francisco Bay 

since the late 1990s

Magnesium and calcium in seawater may cause DTPA to 

let go of Gd by an exchange reaction (transmetalation):

Gd-DTPA + Ca →   Ca-DTPA + Gd

Hatje, Bruland, and Flegal (2016)

Environ. Sci. Technol. 50,

4159–4168. 

Where does it all go? The ocean!



Our research question: Does mixing of river water with 

seawater in estuaries destabilize Gd-DTPA?

Our approach: potentiometric 

titration = measure the stability 

of Ca-DTPA and Mg-DTPA vs. 

Gd-DTPA and use a chemical 

model to estimate the effect
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Our conclusions:

• Gd-DTPA is about a million times less stable in seawater than 

in river water

• As much as 16% of the total Gd-DTPA may break down in the 

ocean due to competition with Mg and Ca

Work done together with 

Isabel Christy, Whitman 

College, Walla Walla, WA

(2016 REU student)



Phytoremediation: the use of plants to remove 

metal contaminants from soil or water

The plant can be disposed of, or processed to recover metals 

for recycling

Certain bacteria can also be used to make metals more or less 

soluble

To be a good phytoremediator, a plant must:

• Strongly take up the metal of interest

• Be easy to grow in many places

• Grow quickly and abundantly

• Be easy to harvest

• Not be killed by the metal

• Be selective if possible



Our research question:

Can sea lettuce (saltwater) and common duckweed (freshwater) 

be used to remove rare earths from their environment?

Sawyer (1965) J. Water Poll. Contr. Fed. 37, 1122–1123. 



Our approach:

Grow the plants in culture, expose them to rare earths under 

controlled conditions and measure how much they take up



Our conclusion: A definite maybe!

Uptake of dysprosium, used 

in magnets (computers, audio 

systems, cars, wind turbines)

0.5 gram seaweed per liter

500 microgram Dy per liter

1 hour uptake time

300 gram salt per liter
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3 gram salt per liter
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A quick glimpse of my scientific tinkering

Argonne National Laboratory (near Chicago)

synchrotron particle accelerator
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Biomonitoring

• There has been a childhood cancer 

cluster around the city of Clyde, OH

• At least 35 cases of rare cancers in 

children 19 years and younger since 

1996; 7 victims have died since 2007

• Environmental contaminants are 

thought to be the most likely cause of 

childhood cancer clusters

• Ohio EPA has found no definitive 

common cause in Clyde despite years 

of intensive environmental testing



Our research question:

Can we use tree rings to get an 

historical record of contaminants 

that the sick children may have 

been exposed to, via groundwater 

or the soil, several decades ago?



Our approach:
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We cored more than 80 eastern 

cottonwood around Clyde, about 

half inside the cancer cluster

Each core was analyzed for nine 

trace metals via ICP-MS in eight 

5-year increments (1970–2009)





Our (partial) conclusions:

• For certain metals, eastern cottonwood trees inside the cancer 

cluster have accumulated significantly more from the soil than 

those on the outside, during the period 1970–2009

• For other metals, no difference was found

• This observation is NOT PROOF that metals had anything to 

do with the childhood cancers, but it does make them 

candidates for further study

Mary Garvin, Oberlin College

Alynne Bayard, CBL (GIS)

Dong Liang, CBL (statistics)



What can YOU do?

1. RECYCLE all your batteries (household, car, phone) 

2. RECYCLE all your light bulbs (CFL and LED) 

3. RECYCLE your electronics (TVs, computers, toys)

4. No more MRI scans!

5. Please donate to support our great graduate students

4. Be an educated consumer!

THANK YOU!


