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An application of a benchmarked TMF approach to emerging substances
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TMF STUDIES AND THE  
- FOOD WEB ON ICE -
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TMF – Application Opportunities
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Food web on ice – Application of ESB protocols
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ESB

Homogenate 
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Infos at: www.umweltprobenbank.de/en
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Lake Templin food web
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Data taken from: Google Maps 
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 Basic TMF model:

 𝑇𝑇𝑇𝑇 = 𝜆𝜆 + 𝛿𝛿15𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐− 𝛿𝛿15𝑁𝑁𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐)
2.3

 Baseline: Dreissena polymorpha

 TMF = ea

 𝑙𝑙𝑙𝑙𝐶𝐶 = 𝑎𝑎 ∗ 𝑇𝑇𝑇𝑇 + 𝑏𝑏

 Data normalization

 Where appropriate
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Food web on ice – TMF calculation
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Chemicals analyzed in the Lake Templin food web

 PCBs 77, 81, 105, 114, 118, 123,  126, 156, 157, 167, 169, 189, 28, 52, 101, 118, 138, 153, 180

 PBDEs 28, 47, 49, 66, 71, 77,  85, 99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 
206, 207, 209

 Organochlorine pesticides  Pentachlorbenzene, Hexachlorbenzene, alpha/ beta/ gamma
Hexachlorocyclohexane, 2,4´-DDT, 4,4´-DDT, 4,4´-DDE, 4,4´-DDD, Aldrin, Dieldrin, Heptachlor, cis-
Heptachlor epoxide, Heptachlor epoxide (trans), Heptachlor epoxide (Sum cis, trans), 
Octachlorostyrene

 Mercury & Methylmercury

 PCDD/Fs 2,3,7,8-TetraCDD, 1,2,3,7,8-PentaCDD, 1,2,3,4,7,8-HexaCDD, 1,2,3,6,7,8-HexaCDD, 
1,2,3,7,8,9-HexaCDD, 1,2,3,4,6,7,8-HeptaCDD, OctaCDD, 2,3,7,8-TetraCDF, 1,2,3,7,8-PentaCDF, 
2,3,4,7,8-PentaCDF, 1,2,3,4,7,8-HexaCDF,1,2,3,6,7,8-HexaCDF, 1,2,3,7,8,9-HexaCDF, 2,3,4,6,7,8-
HexaCDF, 1,2,3,4,6,7,8-HeptaCDF, 1,2,3,4,7,8,9-HeptaCDF,OctaCDF

 PFAS PFPrA, PFBA, PFPA, PFBS,PFHxA, PFHxS, PFHpA, PFOA, PFHpS, PFNA, PFOS-linear, PFOS-
branched,PFDA, PFDS, PFDoA, PFTrDA, PFUnA, PFTeDA, PFHxDA, PFODA, 4:2-FtS, 6:2-FtS, 8:2-FtS, 
7PFHpA, ADONA, 9Cl-PF3ONS,FOSAA, MeFOSAA, FOSA, EtFOSAA, 11Cl-PF3OUdS, MeFOSA,EtFOSA, 
HFPO-DA, 6:2-diPAP, 8:2-diPAP, 6:2/8:2-diPAP, PFECHS
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Chemicals analyzed in the Lake Templin food web - detected
 PCBs 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189, 28, 52, 101, 138, 153, 180

 PBDEs 28, 47, 49, 66, 71, 77, 85, 99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 
206, 207, 209

 Organochlorine pesticides  Pentachlorobenzene, Hexachlorobenzene, alpha/ beta/ gamma
Hexachlorocyclohexane, 2,4´-DDT, 4,4´-DDT, 4,4´-DDE, 4,4´-DDD, Aldrin, Dieldrin, Heptachlor, 
cis-Heptachlor epoxide, Heptachlor epoxide (trans), Heptachlor epoxide (Sum cis, trans), 
Octachlorostyrene

 Mercury & Methylmercury

 PCDD/Fs 2,3,7,8-TetraCDD, 1,2,3,7,8-PentaCDD, 1,2,3,4,7,8-HexaCDD, 1,2,3,6,7,8-HexaCDD, 
1,2,3,7,8,9-HexaCDD, 1,2,3,4,6,7,8-HeptaCDD, OctaCDD, 2,3,7,8-TetraCDF, 1,2,3,7,8-PentaCDF, 
2,3,4,7,8-PentaCDF, 1,2,3,4,7,8-HexaCDF, 1,2,3,6,7,8-HexaCDF, 1,2,3,7,8,9-HexaCDF, 2,3,4,6,7,8-
HexaCDF, 1,2,3,4,6,7,8-HeptaCDF, 1,2,3,4,7,8,9-HeptaCDF, OctaCDF

 PFAS PFPrA, PFBA, PFPA, PFBS,PFHxA, PFHxS, PFHpA, PFOA, PFHpS, PFNA, PFOS-linear, PFOS-
branched, PFDA, PFDS, PFDoA, PFTrDA, PFUnA, PFTeDA, PFHxDA, PFODA, 4:2-FtS, 6:2-FtS, 8:2-FtS, 
7PFHpA, ADONA, 9Cl-PF3ONS, FOSAA, MeFOSAA, FOSA, EtFOSAA, 11Cl-PF3OUdS, MeFOSA,

EtFOSA, HFPO-DA, 6:2-diPAP, 8:2-diPAP, 6:2/8:2-diPAP, PFECHS
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Exemplary TMF plots – Mercury & methylmercury

SETAC Europe 2021 - 31st Annual Meeting9

Hg
2.1 (1.6 – 3.0)

R² = 0.472, p value = 0.005 

MeHg
2.9 (2.0 – 4.3)

R² = 0.737 p-value 0.00004
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Exemplary TMF plots – PCBs
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PCB 52
2.0 (1.5 – 2.6)

R² 0.687, p-value 0.0001

PCB 153
2.2 (1.5 – 3.2)

R² 0.624, p-value 0.0005

PCB 180
2.0 (1.3 – 3.1)

R² 0.491, p-value 0.0036

PCB 77
1.8 (1.4 – 2.2)

R² 0.706, p-value 0.0001

PCB 167
2.2 (1.3 – 3.6)

R² 0.469, p-value 0.0049

PCB 189
1.9 (1.2 – 3.2)

R² 0.386, p-value0.0134  
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Exemplary TMF plots – PBDEs
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BDE 28
1.5 (1.0 – 2.3)

R² 0.237, p-value 0.0657

BDE 47
2.3 (1.4 – 3.7)

R² 0.494, p-value 0.0035

BDE 100
1.7 (1.2 – 2.6)

R² 0.403, p-value 0.0110
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PFOS, linear
5.9 (2.7 – 12.7)

R² 0.6563, p-value0.0003

PFDA
6.0 (2.6 – 13.5)

R² 0.632, p-value0.0004

PFDoA
3.8 (2.3 – 6.4)

R² 0.712, p-value 0.0001

Exemplary TMF plots - PFAS

PFOS, linear
3.0 (1.8 – 4.8)

R² 0.6482, p-value0.0003

PFDA
3.0 (1.8 – 5.0)

R² 0.624, p-value0.0005

PFDoA
1.9 (1.3 – 2.9)

R² 0.489, p-value 0.0037
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Lake Templin TMFs – an overview
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• Shaded bars indicate substances that were not detectable in mussel samples
• An asterisk (*) marks substances, that had no significant (p<0.05) correlation between TP & ln concentration
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DISTRIBUTION OF D5 IN THE 
‘FOOD WEB ON ICE‘
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TMF (lipid weight): 

o 0.7 (0.5 – 1.1)

o p value: 0.0955

o R²: 0.199
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Distribution of D5 in the ‘Food web on ice‘
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PBDE 99

TMFs and metabolism – PBDE 99
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Roberts et al. 2011 (doi: 10.1021/es103934x)
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PBDE 99

TMFs and metabolism – PBDE 99

Carp species 
(Bleak, white 

bream, 2x roach, 
asp)

Non-carps

(3x perch, 2x  
pike-perch, 2x 

pike)
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FOOD WEB ON ICE
- ADDITIONAL ANALYSES -

Pharmaceuticals
Caffeine
Carbamazepine
10-Hydroxy-10,11-dihydrocarbamazepine
Triamcinolene acetonide
Diclofenac
Canrenone

Pyrethroids
Tefluthrin
Transfluthrin
l-Cyhalothrin
Permethrin
Cypermethrin
Deltamethrin
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Matrix:
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FOOD WEB ON ICE
- ADDITIONAL ANALYSES -

Screening: Chlorinated paraffins

Data available

Complex dataset

Data evaluation in progress

Screening: Polar compounds

Coupled targeted & NTS approaches

Complex dataset

Data evaluation in progress
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Stockholm University

Eawag
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 Food web on ice approach

 Valuable tool 

• Many analyses on identical sample set - Ideally comparable data

• Cost saving & rapidly available

 Increased chances to understand underlying accumulation processes in the food web

 Plausibility check

 “Stockholm substances“ accumulate in food web

 Different accumulation profiles were covered (lipophilic compounds, mercury, PFAS)

 Holistic view required  

 TMF concept & analyzed ecosystem

 Metabolism and food chain composition may need more focus

CONCLUSIONS
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Funding:

Investigation of the bioaccumulation of chemicals in an 
exemplary food chain (Food web on ice)
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