
Hazardous Chemicals in Plastic  
Products and Food Chain in Kenya

Introduction
Developing countries, including countries in Africa, 
suffer from the health and environmental impacts 
of toxic chemicals and wastes more than developed 
countries. This is in part the result of loopholes in inter-
national legislation and abuses by large corporations 
and countries that export waste containing dangerous 
chemicals. Burning waste generates new, even more 
toxic chemicals, such as chlorinated and brominated 
dioxins and polyaromatic hydrocarbons.  

Another source of human exposure to toxic chemicals 
is plastic consumer products. Some of chemicals in plas-
tic products are intentionally added to confer certain 
properties, others end up in the products made from re-
cycled plastics because chemicals in plastics are trans-
ferred when plastics are recycled. 

Aim of the study
This study aims to determine whether persistent organic 
pollutants (POPs) find their way into consumer products 
and human food in Kenya due to waste management 
practices such as recycling, dumping, or burning. The 

research aims to contribute to the discussion on setting 
appropriate international standards and limits for 
the content of persistent organic pollutants (POPs) in 
consumer products and waste.

Methodology

Pooled samples of free-range chicken eggs were collected 
in the vicinity of potential POPs pollution hot spots:

● Nairobi - Dandora, a dumpsite where plastic waste  
is burned;

● Nairobi – Ngara market, a market which is a major 
e-waste dismantling site (see also photo);

● Nairobi - Mirema, a “community cooker” that uses 
plastic waste as fuel;

● Nanyuki, near a dumpsite with open burning  
and e-waste disposal. 

Eggs from a supermarket in Nairobi were used 
as reference sample. The eggs were analyzed for 
polychlorinated and polybrominated dioxins (PCDD/Fs,  
PBDD/Fs), polychlorinated biphenyls (PCBs), 
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hexachlorobenzene (HCB), pentachlorobenzene 
(PeCB), hexachlorobutadiene (HCBD), polychlorinated 
naphthalenes (PCNs), short-chain chlorinated paraffins 
(SCCPs), 3 isomers of hexachlorocyclohexane (HCH), 
6 isomers of dichlorodiphenyltrichloroethane (DDT), 
3 isomers of hexabromocyclododecane (HBCD), 
polybrominated diphenyl ethers (PBDEs), six novel 
brominated flame retardants (nBFRs), and per- and 
polyfluoroalkyl substances (PFASs). All were analyzed 
in certified laboratories in Czechia, Netherlands, or 
Germany. A daily dietary intake was calculated for 
PCDD/Fs plus DL-PCBs, PBDD/Fs, and PF0S. The results 
of the calculations were compared with the tolerable 
daily intake (TDI) established by different regulatory 
authorities (EFSA and WHO).

Eighteen black plastic products (products that tend 
to come from recycled e-waste plastics and plastics 
from end-of-life vehicles (ELVs)) with elevated levels 
of bromine and antimony purchased from markets 
in Kenya were selected for laboratory analysis at the 
Department of Food Analysis and Nutrition,  
University of Chemistry and Technology based in 
Prague, Czechia. Groups of PBDEs, HBCD and nBFRs, 
and Tetrabromobishpenol A (TBBPA) were analyzed 
in these products. A toy car was also analyzed 

for brominated dioxins at the MAS laboratory in 
Muenster, Germany and for dioxin-activity by 
DRhumanCALUX.

Results and comparison with legal threshold

In most cases, the analyzed POPs levels in the eggs from 
the selected hot spots in Kenya exceeded by many times 
the levels measured in reference samples purchased 
from a supermarket in Nairobi. 

The levels of dl PCB congeners measured in both samples 
from the Ngara market were the highest ever measured 
in free chicken eggs globally (see comparison in graph at 
Figure 1). The levels of indicator PCB congeners in the two 
pooled egg samples from the Ngara market exceeded the 
EU regulatory limit of 40 ng/g fat by more than 30 and 55 
times, respectively. The level of indicator PCB congeners 
in the eggs from the Dandora dumpsite reached half of 
the EU limit.

The levels of PCDD/Fs in free-range egg samples in 
this study were two to eight times higher than the EU 
regulatory limit of 2.5 pg TEQ/g fat. The highest level  
was in eggs from the Dandora dumpsite, followed by  
 eggs from the Ngara market and Mirema. 



The sum of PCDD/Fs + dl PCBs was 100 and 111 times, 
respectively, above the EU regulatory limit of 5 pg TEQ/g 
fat in two pooled egg samples from the Ngara market. 
Based on the level of PCDD/Fs + dl PCBs in the eggs from 
the Ngara market, the average per capita consumption 
of eggs in Kenya (36 eggs per year), which is considered 
to be very low, would exceed the TDI for PCDD/Fs + dl 
PCBs by 5 to 6 times. In addition, we can also say that a 
person eating just one egg from the Ngara market would 
be exposed to a cumulative dose of dioxins and dioxin-
like compounds that would span nearly 200 days to more 
than 250 days, based on the TDI set by EFSA.

The laboratory analysis of 18 samples of consumer products 
made of recycled black plastic purchased in Kenya revealed 
that 14 of them exceed the limit for definition of hazardous 
POPs waste suggested by African region. Across all 18 sam-
ples, there were six novel BFRs found at concentrations rang-
ing from 0.2 ppm to 412 ppm. Tetrabromobisphenol A (TBB-
PA), the most widely used BFR, was found in 16 out of the 18 
samples, at concentrations ranging from 0.3 ppm to 980 ppm. 

One sample, a toy car, was analyzed for brominated 
dioxins and was found to contain 6,590 pg TEQ/g, which is 
much higher than concentrations observed, for example, 
in waste incineration ashes or pyrolysis residues. 

Conclusions
Leakage and emissions of POP additives from waste is 
a source of contamination of free-range chicken eggs 
with BFRs and PFASs in the vicinity of dumpsites and/or 
community cookers using plastic waste as fuel. Burning 
plastic waste containing chlorinated and brominated 
additives generates unintentionally produced POPs 
(U-POPs) such as HCB, PeCB, PCDD/Fs, PBDD/Fs and dl 
PCBs. All forms of burning plastic waste, including their 
use as fuel, should be banned as this releases POPs into 
the environment. Wastes containing high levels of POPs 
can be treated by non-combustion technologies, which 
destroy POPs and do not generate new POPs.

In agreement with previous studies, the present study 
shows that children toys, hair accessories, office supplies, 
and kitchen utensils found on the Kenyan market are 
affected by unregulated recycling of e-waste plastics, 
which carry toxic brominated flame retardants (BFRs) 
into new products. To stop this practice, stricter 
measures to control BFRs in products and waste need to 
be set and enforced.

The results of this study also highlight that the new 
global Plastics Treaty should focus on the chemical 
content in plastics. 

G
ha

na
 - 

A
cc

ra
 - 

ho
sp

it
al

 (2
01

8)
It

al
y 

- N
ap

le
s 

(2
01

4-
20

15
)

C
ze

ch
ia

 - 
P

it
ar

ne
 (2

01
7)

In
do

ne
si

a 
- T

an
ge

ra
ng

 (2
01

9)
U

ru
gu

ay
 - 

M
in

as
 - 

La
va

lle
ja

 (2
01

9)
C

ze
ch

ia
 - 

Ly
sa

 n
ad

 L
ab

em
 (2

00
4)

V
ie

tn
am

 - 
D

on
g 

N
ai

 (2
02

1)
A

rm
en

ia
 - 

A
la

ve
rd

i (
20

18
)

B
el

gi
um

 (2
00

7)
In

do
ne

si
a 

- K
en

da
ls

ar
i (

20
19

)
U

ru
gu

ay
 - 

M
in

as
 (2

00
9)

A
rm

en
ia

 - 
Sa

na
hi

n 
(2

02
0)

K
az

ak
hs

ta
n 

- B
al

kh
as

h 
- R

em
ba

za
 (2

01
4)

Fr
an

ce
 - 

 M
ai

nc
y 

(2
00

4)
Fr

an
ce

 - 
 M

ai
nc

y 
(2

00
4)

G
er

m
an

y 
- T

en
in

ge
n 

(2
01

5)
A

rm
en

ia
 - 

A
la

ve
rd

i (
20

19
)

K
az

ak
hs

ta
n 

- R
os

to
vk

a 
(2

01
5)

Fr
an

ce
 - 

 M
ai

nc
y 

(2
00

4)
B

el
gi

um
 (2

00
7)

K
az

ak
hs

ta
n 

- S
ha

ba
nb

ai
 B

I (
20

14
)

U
K

 - 
A

ng
le

se
y 

(2
00

1)
It

al
y 

- P
ie

dm
on

t (
20

12
)

In
do

ne
si

a 
- T

ro
po

do
 (1

1/
20

19
)

In
do

ne
si

a 
- T

ro
po

do
 (0

5/
20

19
)

In
do

ne
si

a 
- K

ar
aw

an
g 

- K
A

R
-E

02
 (2

02
1)

In
do

ne
si

a 
- K

en
da

ls
ar

i (
20

18
)

C
ze

ch
ia

 - 
Li

bi
s 

(2
00

2)
C

hi
na

 - 
Lo

ng
ta

ng
 (2

01
3)

It
al

y 
- P

ie
dm

on
t (

20
12

)
It

al
y 

- P
ie

dm
on

t (
20

12
)

B
ra

zi
l -

 V
es

pa
si

an
o 

(2
01

4)
It

al
y 

- P
ie

dm
on

t (
20

12
)

It
al

y 
- P

ie
dm

on
t (

20
12

)
M

ol
do

va
 - 

C
io

ba
no

vc
a 

(2
02

1)
Fr

an
ce

 - 
 M

ai
nc

y 
(2

00
4)

B
el

gi
um

 (2
00

7)
C

hi
na

 - 
Lo

ng
ta

ng
 (2

01
6)

It
al

y 
- P

ie
dm

on
t (

20
12

)
N

et
he

rl
an

ds
 (2

01
2)

U
K

 - 
A

ng
le

se
y 

(2
00

1)
B

el
gi

um
 (2

00
7)

It
al

y 
- P

ie
dm

on
t (

20
12

)
K

az
ak

hs
ta

n 
- S

ha
ba

nb
ai

 B
I (

20
15

)
G

ha
na

 - 
A

gb
og

bl
os

hi
e 

(2
01

8)
B

el
gi

um
 - 

di
ox

in
/P

C
B

 s
ca

nd
al

 (1
99

9)
K

en
ya

 - 
N

ai
ro

bi
 - 

N
ga

ra
 m

ar
ke

t (
20

20
)

K
en

ya
 - 

N
ai

ro
bi

 - 
N

ga
ra

 m
ar

ke
t (

20
21

)

waste incineration

e-waste sites

metallurgical industry 

chlorine/organochlorine industry 

dumpsites and landfills,  
open burning

IPEN samples                non-IPEN samples

 

200

150

100

50

 

550

500

450

400

350

300

250

Figure 1: The highest levels of dl-PCB in eggs and related sources 
measured as part of IPEN studies (striped bars) and other scientific  
studies (filled bars). (More information, including references to 
individual sites are compiled in Table S3 in supporting information 
to the study published in 2022). Source: (Petrlik, Bell et al. 2022).
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Recommendations
1. Halt the entry of plastic treated with BFRs for recycling into toys and other consumer goods
E-waste and ELVs plastic containing high levels of toxic flame retardants should be banned from entering  
the recycling chain. 

Also, the loophole allowing exports of non-functional electronics under the guise of repair in the Basel 
Convention’s Technical Guidelines needs to be fixed and stricter standards for the definition of hazardous  
wastes must be established under both the Basel and Stockholm Conventions.

African countries also need to improve their national regulations to require better control of imported  
waste and products, in particular, concerning POPs content.

2. Set stricter limits for POPs in waste
To eliminate human exposure to PBDEs and related harmful chemicals such as brominated dioxins  
(PBDD/Fs) in products and wastes, strict limit values must be established. Low POPs Content Levels 
(LPCLs) for waste should be established at a level of 50 ppm as proposed by the African region and 
accompanied with setting an unintentional trace contamination (UTC) level at 10 ppm.

3. Use separation techniques for POPs waste
In recycling workshops and plants, methods based on the total concentration of bromine should be applied to 
identify BFR-treated plastic and separate it out of the waste stream. For example, X-ray fluorescence (XRF) and  
X-ray transmission (XRT) are used at the industrial scale. In the informal plastic recycling sector in India,  
a simple sink-and-float method is used for BFR plastic separation.

4. Restrict BFRs as a class
The elevated levels of PBDEs and nBFRs in some consumer products reported in this study and the  
known and unknown adverse effects of these chemicals require a class-based approach to the restriction 
of BFRs. Only a class-based approach can address the regrettable substitutes and likely toxic nBFRs that 
are currently used without any regulation, and which will continue to circulate in the waste streams,  
just as their persistent counterparts.

5. Regulate and control plastic waste
The new global Plastics Treaty should focus on the chemical content of plastic materials and prohibit materials  
such as PVC or plastics containing brominated compounds. Facilities using plastic waste as a fuel such as 
community cookers need to be prohibited. These facilities openly burn plastics and have no air pollution control 
equipment or practices to control dioxin and other U-POPs emissions.

6. Use non-combustion technologies for POPs waste
Wastes containing high levels of POPs can be treated by non-combustion technologies, which destroy  
POPs and do not generate new ones. Gas phase chemical reduction (GPCR) or supercritical water  
oxidation (SCWO) seem to be the most promising technologies to treat POPs waste. It could benefit  
African countries to cooperate regionally on establishing treatment center(s) for POP waste. 

The information in this report is of a preliminary nature and part of a draft version of a national report 
developed in the context of the project entitled “Advancing a Non-Toxic Circular Economy: Reducing 
non-circular plastics and advancing circular plastic production, collection and recycling in Kenya”  
implemented in cooperation with the Secretariat of the Basel Convention with funding from the 
Norwegian Agency for Development Cooperation (Norad) as a contribution to the work programme 
of the Basel Convention Plastic Waste Partnership. This report was conducted also with financial 
support from Sweden, Global Greengrants Fund, and Sigrid Rausing Trust. The final version of 
the national report summarizing plastic waste policies; results of analyzes; and new data, will be 
produced once the project is concluded. 

The preliminary information hereby disseminated is under the sole responsibility of CEJAD 
and does not necessarily reflect the views of the Secretariat, UNEP, Kenya, or other funders.


