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Chemical contaminants
Pesticides & Herbicides g -




Pesticides & Herbicides
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Chemical
Properties

gases (oxygen, etc. ).

metals (1ron. etc.).

nutrients (nitrogen.
efc.). pesticides and

other organic
compounds

1he water
quality

Biological
Properties

bacteria. viruses.
IJI'DTDZDHHS.
phytoplankton.

zooplankton. insect.

plant and fish etc.

Physical
Properties

color. smell.
femperature, taste
and turbidity(TSS)
etc.




Sources of
Contamination
of Water

Natural Source

Urbanization

Industrial Source



Aquatic pollutants

Pollutant Pollutant
Sources Sources >~ _ e
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FLUDRIDE PESTICIDES



Acute Aquatic toxicity

LCs0 < 500 mg/l Acute Aquatic Toxicity
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BIOACCUMULATION IN THE SEA

=

‘'Top of the food web:
(W

A Secondary consumer:
Y . Small fish
.>, 2 : ' ! L o 3
. Tertiary consumer:
w_" Larger fish

Producer: Primary consumer:
Phytoplankton Zooplankton
Primary consumer:
Mussel

L
L
P
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Tertiary consumer: Tertiary consumer:
Octopus Shark

Scavenger: Sea star
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Biomagnification

— ?@,* Insect
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- " Insect fish
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Industrial Activities

Heavy metals effects on humans




Aquatic Remediation

Adsorption
Filtration

Coagulation
&
Flocculation

Gravity Acid Base
Settling neutralization
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Water and Health

80% of sickness 1n the world 1s caused by
inadequate water supply or sanitation

40% of the world population does not have
access to safe drinking water

It 1s estimated that water-borne diseases kill
25,000 people per day

In many populated areas of the world,
water-borne diseases represent the leading
cause of death




Drinking Water Quality Control and Human Health

Microbial
. control
Chemical
control
.Drinking-
water
diseases
®b ublic o
health Contamination of

water reservoirs:

e natural conditions
e human activities
e rainfall variability




Detoxification Pathways

T oxins Phase | Phase |
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+ 3 Plant toxins, ! -
W metabolite to make
Ll Pollutants e " i
Metabolizes +oxin il
_ & products from can happen
g 3 horrmories, CYP450 Genes:
g 3 neurotransmitters, CYPIA, CYPIAZ, CYP2BG, Genes include:
=WV etc CYP2C 8, CYP2CI9, uaT's, NAT's, GST's,
CYP2DG, CYP3A4 sSODI, and more
|
| = ‘“ .
Elimination
Genetic Lifehacks Through Kidneyg via urine Through the skin via sweat

Learn. Experiment. Optimize

Through bile and intestines via feces



Detoxification phase 1 & 2
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I andslide Water quality Noise and light
detection monitoring pollution Radiation level
monitoring monitoring
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ENVIRONMENTAL MONITORING

Some Techniques of Environmental Scanning & Monitoring

*## Filtration m

Com Pﬂ.SitE Sedimentation
sampling

T s
3 o
[— Environmental FE

Gra b Monitoring Electrostatic
sampling samples
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Condensation Impingers

Absorption




Sentinal organisms

Environmental

- 7 - pollution
= : - (Heavy metals)
il
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Application of
AV fertilizers &

metal-based
pestcides

Polluted

water Contaminated

soil

F‘ S
‘A E _ S— V - Wtaminated
quatic & - e
Target animals Contaminated Y P4
organ plants Animal grazing
damage (Toxicity/Bioaccumulation/

Biomagnification)

Human (T&‘

Biocoaccumulation/
Biomagnification)






Species group

Sentinel Species

Contaminants

Mammals”

Muskrat (Ondatra zibethicus)

Beaver (Castor canadensis)

American Marten (Martes americana)
Mink (Neovison vison)

River Otter (Lontra canadensis)

Fisher (Martes pennanti)

Heavy metals,
PACs, trace
metals

Colonial Waterbirds

Caspian Tern (Hydroprogne caspia)
Common Tern (Sterna hirundeo)
Ring-billed Gull (Larus delawarensis)

California Gull (Larus californicus)
Herring Gull (Larus argentatus)

As, Hg, PACs

Amphibians

Wood Frog (Lithobates sylvaticus)

Hg, PACs

Plant health and community
composition

Wetland/Upland Vegetation Communities

Trace metals,
PACs

Migratory birds

Tree Swallow (Tachycineta bicolor)

PACs

"See Section $5.5.2 in the supplemental material



Environmental aquatic parameters




Aquatic water quality equipment










Dose Response Curve




Aquatic means of exposure










Chemical Quality of water




EPA Parameters
Physical Parameters







Biochemical impact on aquatic life







Mercury Sources and Toxicity in Suriname




assment of mercury sources in Suriname and the level of contamination they cause
to the three main environmental compartments: air, water and soil.

Mercury contamination forms a global threat to human health
and the environment. In artisanal and small-scale gald mining
(ASGM), mercury is used to form gold amalgams. The bulk of
the gold amalgam is marketed to Paramaribo to be purified
and sold at gold buyout firms. Mercury vapors are released
during the purification process. . Mercury, once in the
atmosphere, undergoes several chemical transformations
making it water soluble, and allowing deposits to sojl and
water through precipitation.
The OBIECTIVE of this study was to assess the magnjtude of
Suriname’s exposure to this toxic metal in the environmental
compartments: air, water and soil.
ETHODS

MAT!RIHSAHI? M e . Peak mercury vapor concentrations inside firms and
Bl e Floolbioiden Hticatioplandlaay Hilca ) emissions into the atmosphere exceed acceptable limits
develop a national inventory. A mercury detector (MVI) allowed for mercury F “| | H | P p
measurements; at 4 out of 29 gold buyout firms in Paramaribo North, quadruplicate \ "l-lj”H!E
readings per minute during 30 minute intervals at the exhaust pipe, operators seatand i 1

i |
workroom were carried out randomly according to EN 15259 guidelines. In order to assess 1| "ﬂriﬂ | 'i:t
|
| Hlitgy

to what extend drink-water sources around Paramaribo are affected, 8 water sources used
by the local water company (SWM), both treated and untreated, were sampled and Cold l
Vapor Atomic Fluorescence Spectrometry was used to measure mercury levels. | |

Air Water Mam ' " ' RESULTS, DISCUSSION"AND CONCLUSIONS*
Source Category TOTAL kg Hg/yr gle and In the work and seating space the mean mercury vapor concentrations were just
below OSHA and NIOSH-limits of 100 pg/m3. However, during intermitted amalgam

. combustion, clients and employees of the gold buyout firms were exposed to peak
Gold extraction 12,496. ploy! 8 y p p

mercury vapor ci rations exceeding the internationally accepted exp e
39,2473  15,740.9 8 11,009.7 limits. The average mercury vapor concentrations, emitted from the exhaust pipe,
Other mining activities 134,828.6 54921 2,768.6 120,535.7 exceeded limits by far. Readings were as high as 1,775 pg/m3, while at times they

— = S— exceeded the measuring range of the MVI (>2,000 ug/m3). This form of emission,

Emission Estimate gold extraction with mercury amalgamation, was found to be the largest
Maximum (kg Hg/yr) contributor to mercury air pollution in Suriname, at approximately 15,700 kg Hg/yr.

Cement === 16.461 Artisanal gold mining exerts vast impacts at 12,500 kg Hg/yr on fresh water, river
and creek ecosystems. Over 5,000 km of water ways are directly impacted and over
Crematoria 0.792 8,000 km of waterways have been indirectly impacted by gold mining activities
. practiced in Suriname. Aquatic micro-organisms convert mercury into methyl-Hg,
g2 R I e QY allowing for bio-accumulation up the food chain. In this study, none of the
Waste at landfill 32.202 measurements to drinking water sources exceeded the standard of 0.05 pg/L.
However, soil contamination with Mercury takes place at approximately 11,000 kg
Largescale gold production 1,255.391 Hg/yr.
Mercury is mostly released from mining activities and due to its neurotoxic,
ASGM 8,437.500 nephrotoxic and teratogenic properties it affects the environment in Suriname and
* Deze poster is gedrukt met de financiéle steun van het Minanhtimanihiealth;sima negativetwayer Anturgent call for responsible mining.







https://morel.princeton.edu/research/mercury-cycling-and-methylation






Viercury Exposure Assessment of Fish Consumers in Paramaribo and Surroundings.

In Suriname, mercury is mostly used in the small scale gold mining. This activity has several negative consequences for the environment and for human and animal health

The OBIECTIVES of this study were fourfold. First of all, to assess which types of fish are most commonly commercially processed and sold frozen in the supermarkets of Paramaribo,
secondly which types are sold fresh at the markets of Paramaribo. Thirdly, to analyze to what extent these types of fish are contaminated with mercury and lastly, to study the levels
of human exposure to mercury, based on fish consumption patterns.
MATERIALS AND METHODS

An overview of 18 commercial fish processing companies producing packaged frozen fish products using 14 different fish species, was made. Based on the “frozen fish inventory” of
50 randomly chosen supermarkets in Paramaribo, the six most consumed species for “frozen fish” were identified and marked for-mercury analyses On the other hand, fish sellers
at 4 markets spread across Paramaribo City were surveyed; this provided information regarding the 5 to 7 most consumed species of “fresh f(sh" for each market. Although the

exact origins of the fish speC|es were not known, many fishing grounds are likely impacted by small-scale’gold mining. In order to obtain fish consumption ﬁablts, only these 5 t# 7
“best-selling fish species” were included in a fish consumer survey, studying detailed family eating patterns. After interviewingithe fish consumiers at each market regarding the \
eating habits of their households, the three-most consumed fish species were identified per market ar{d data was processed fo each individua marketrM”é'rcury a
~on muscle-tissue processed according to the Cold-Vapor Atomic Absorption Method
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| From the top 6 identified species of frozen fish, mainly Anjoemara (Hoplias aimara) exceeded the acceptability §_tandaﬂ!'for freshwater aquatic I|fe (0,5 pggl). T;:::i:i:t/slggaubnr’
| the fresh fish from the markets showed that not only Anjoemara, but also the fish species Koebi (Plagioscion surinamensis) and Piranha (Serrasalmps rhombeus) ercury
| concentrations higher than 0,5 pg g*. A review of the consumer habits showed the average methylmercury intake per kilogram body weight per da njoemara, Koebi and
| Piranha, to be higher than the reference dose (RfD) of 0.1 ug methylmercury kg bw* day* (U.S. EPA, 1997); it was concluded that each fish onsumer who consumes either one of these
| fish species is exposed to alarming methylmercury levels. Depending on cultural tradition and eating habits, daily consumption varies. The meal frequency was extrapolated in this
study, only to consider eating habits that consist of multiple servings of fish per day; e.g. by the Indigenous. The methylmercury intake through the consumption of multiple fish meals
on?[sﬁg of these three fish species exceeds the RfD even moj: this raises serious health concerns.
v Average amount of fish Average mercury Body-weight Average mercury intake RfD
ingested per day concentrations (kg) (ug mercury/kg body weight/day) (ng mercury /kg body weight/day)
(g/day) (ue/g)
Anjoemar 25.28 0.89 71.8 0.31 0.10
a
Koebi 61.61 1.18 71.8 1.01 0.10
Piranha 23.80 1.91 71.8 0.63 ‘ 0.10
* Deze poster is gedrukt met de financiéle steun van het Minamata Initial Assessenment Project onder het NIMOS
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Dose response curve
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In Vitro & In Vivo Research

In Silico In Vitro In Vivo

Performed in a virtual
setting, a computer or
virtual simulation.

"In glass"”, meaning
the study takes place
in a test tube.

“In life", meaning the
study takes place in a
living organism.

N



---------------------------------------------------------------------------------------------

; In vitro study 5 In vivo study :
Healthy Wistar rat : Wistar rat with 10 mm sciatic nerve defect :
. Sciatic nerve
: mplantation :
. PLAMWCNTS/GNFs/ \\ :
' Schwann cells (SCs) . thEpo-CNPs/SCs \ :
. : Z X :
. PLAIMWCNTS/GNFs/ PLA/MWCNTS/GNFs/ : _ PLAIMWCNTs/GNFs/ :
; rhEpo-CNPs rhEpo-CNPs/SCs . :Proximal nerve end  rhEpo-CNPs/SCs Distal nerve end

..............................................................................................
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1.Tissue Collection

2. Mechanical or
l enzymatic dissociation Primary
Cell Culture

/ — X

' 3.Transfer of primary
cells to growth medium *

Transformation :
L]
¥
¥

Continuous cell line Finite cell line



Primary cell culture: By cell differentiation Primary cell culture: By adhesion

Differentiated cell culture Stem cell culture Monolayer cultures Suspension

sse 000
R AN
EEEBEE EEE - @EE ---

Anchorage-dependent, usually one
Differentiated cells that have lost Undifferentiated cells that are able cell thick, with continuous cell layer Cells grow free-floating in the medium
capacity to further differentiate to differentiate into other cell types on culture vessel

Primary cell culture: By cell type/morphological structure

Epithelial Endothelial Fibroblast-like Lymphoblast-like Neuronal

Polygonal-shape, appear : Spherical-shape, ranging from
flattened, attach to a substrate Round outline, do not form ~ m“?gtr;;::%eém"re';ﬁm large cells with fine nuclear spi?‘mj::‘hg:?dmc':;g:dy
and form a continuous sheets, or attach to substrates chromatin to smaller cells .

that attach to substrate

thin layer O S WA R RS with branching dendrites



Tissue culture

induce shoot for research
dedifferentiation regeneration and breeding
o — -
regenerated plantlets
#
/
aseptic explants somatic /
embryogenesi /
t excise /
/
develop I,
regenerale rools |
somatic embryos \
‘\
%o'manc ; \ in vitro flowering
embryogenesis germinate \
regenerat seeds\\ 1
aseptic seedling cell suspension culture \\
\

f

large-scale cultures
to isolate useful
metabolites,
e.g., taxol

surface sterilized

seeds regenerated shoots

in vitro generated
seed pod

regenerated plantlets



Animal research



The 3 R’s of Animal Research

|| %t

Reduce the number of Refine tests to cause Replace animal studies
animals used animals less stress with other methods

RockStep



Risk assessmem{\

\dentify the hazards




Risk Assessment

IDENTIFY
Identify the
Hazards

J—

DPDETERMINE
Determine Who Might
Be at Risk (and How)

ASSESS
3 Assess the Likelihood
and Severity of the

Risks

Potortial for Opportuny

Rlsk Matrix |

ACTIONS
Identify Actions to
Eliminate or Control the

Risks

5 EVALUATE
Conduct an Evaluation

WHSSE —

B e e



Aquatic
toxicology

The problems that
must be addressed

The appearance and
conversion of
chemicals in the
environment and
organisms

Effects on organisms

Ecological
consequences of
effects

==y Ecotoxicological

Cost calculations for
environmental
problem management

Acceptance of
environmental
changes

Public pressure for
managing
environmental issues

The sequence of
events from research
to environmental
management

studies

Environmental risk
assessment

Environmental
management

Major fields that are
associated with each
stage

Retrospective
ecotoxicology

Predictive ecotoxicology
(model building )

Toxicity testing
Risk assessment

Environmental ethics
Environmental economy

Environmental politics




PHYSICAL BIOLOGICAL
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Mircroplastics adsorb and
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(Eco)toxicological Pathway
of Toxic Substance

P HE
Functional | _Cell based__} | Embryo based | eDNA
i metabarcoding
Genomic Dose-dependent reduced ‘ ;
Screen transcriptomics for high oras _ﬂ’-‘SSOF
throughput test gradient

\—'.—l

A multiscale -Omics solution for mechanistic
research on effects of toxic substances




Research Toxicity in aquatic life

GLOBAL ENVIROI\ﬁIIENTAL CHANGES Increased vulnerability to

. . . environmental changes
Increased weight loss during winter S
% Lower adaptative capacity
Increased vulnerability tO% @ RESPONSES «Impaired immune function

*Impaired stress response
%
09 ' // s

*Neurobehavioural effects
J/ Metabolism

*Impaired antioxidant response

Absorption \\\\\\
POPs l \\\\\\\

Excretion




Toxicity of PAH for aguatic animals

Vertebrates W
v Persistant Aromatic Hydrocarbons

Metabolism in their bodies

v

Water
Sediment
Particle
Food
Microplastic...

) o

—

—

—_—

T
.\\\"'f
=i
Ny

7>

s N
4 \‘

Invertebrates



Nanomaterials
In Agquatic
organisms

OH = N\ S Bt
o -
HO -~
COOH ‘ o w;
"I.S HO (e JI: e ‘t“
Graphene Graphene oxide Reduced graphene oxid Few layer graphene

Cell lines Invertebrate models Aquatic vertebrate models

Graphene Nuiriont/ Lipid Cell

agglomeration d:ﬁegtel:n peroxidation penetration Inflammation Clearance



ONDERZOEK
Molecular biology

DNA

RNA

What appears

bohnppon

Proteins
Transcriptomics Proteomics

to What makes
ing? happen?

Chemical Diversity

! v
Metabolites
Metabolomics

What has
happened and is
happening?

PHENOTYPE



qPCR QUANTIFYING:

QUANTITATIVE ANALYSIS
OF GENE EXPRESSION

FUNGUS

5 ©

BACTERIA

VALIDATING DNA
MICROARRAY RESULTS

PCR +
QUANTITATIVE PCR




Minor groove

Major groove

¢ Hydrogen
@ Oxygen

@ Nitrogen

@ Carbon

© Phosphorus

Pyrimidines Purines




RNA, DNA—
Assay design Experimental set-up isolate, purify, quantify

l
% CT

Reverse Tl'mscription

Analysis of data gqPCR reaction set up



Monitoring Environmental Drugs and Health
The PCR Process
W’TW’!'T‘T 1‘.'."?*.’T'1’YT“:‘¢:‘I'TT'Y‘I"T‘I-T

Lididat.g e S |

1.Original DNA 5. Heat
BEERRRREEAH MM denature .
e 2, pAimers

AMASALLLALL AL LA AL

5 3. Taq T
Opolymerase 6. Anneal ‘

primers
4. Nucleotides l

YT T T T YT T Y ™T™MYY

MENENTET FETE TR ENS

. Primer
AALAL AA A A 0 A 000 emnﬁon

o N T
denature ‘ |




with iScri . :
el M;‘Umu primers PreAmp supermix ==a
v  / v “J
Sel op quantiistive PCR
(qPCA) reaction
159120 Preamplified SsoAdvanced 100 777 |
sample | . universal
R supermix 310“— %_7"17?,-‘-/ |
' é 3 ) é ‘ é 1 | /. Y. :"‘."
. 0 10 20 30 40
Cycles

Preamplification workflow,

SsoAdvanced PreAmp Supermix preamplification workflow.



Monitoring Environmental
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Monitoring Environmental
Health and Drugs




Monitoring Environmental

Health and Drugs g T




Blotting Compass

Northern
{Awine et al., 1975)
RNA
Northwestern
(Adams et al., 1984)
Protein:RNA
Middle
p, Eastern Eastern

F (Reinhart and Malamud,

Far-Western Western 1982; Peferoen ot al., 1982;

{(Hummler et al., 1994) (Towbin et al.,
1979; Brunette,

{(Wreschner &

Herzberg, 1984
Thomas et al., 2009) e }

Protein: 1981) Post RNA:DNA
Protein Protein Translational
Modification Far-Eastern
(Ishikawa & Taki,
Z000)
Lipid:PTM
Southwestern
(Bowen et al., 1980)
Protein:DNA
Southern
= (Southern, 1975)
Electrophoretic DNA

Mobility Shift Assay

(Garner & Revzin, 1981;
Fried & Crothers, 1981)

DNA:Protein



RNA extraction

© AT Cathode

—— Filter Paper welit

LT _ gL_\’//

— — —— Membrane

oo Filter Paper oL 2 %

@ T Anode Eutfor /

wiution Electrophoresis tank

-




Southern blotting
Genomic

28 DNA N
T3 Restriction - ,_,th’,:_j:‘::,
HER Endonuclease 2‘-._\ ﬁ:ii

—
Agarose Gel
Electrophoresis

3T Souther
o o :
| Blotting i




Genomic
DNA  gestriction

Endunuci&asa y\yﬁ P

Electrophoresis

Elutting Buffer eorvere High

e ==
i -

""" Low
Hitn:a::ﬂluluua e
of Nylon Filtar e Mﬂ:;:;:‘w
=== == —
i 28 - o Expose to
== ZZ ) vy Faim
e Nitroceliulose =

— of Nylon Eiter L~




Western Blot- Definition, Principle, Procedure, Results, Applications

@ SDS-page

@ Virus isolation

Electrotransfer

./

@
l i )k
l >
l | , \ Anti-species Ab
] | s J o
VA
PVDF membrane

@ Protein suspension

Protein of interest

NE—— Lysed virus
@ Antibody probing

Substrate Product

Protein-specific Ab

1DE Blot




Antigen samples | Blotting tank

Proteins transferred o
nitrocellulose sheet (blot)

Separation gel

$=
s

/

— Develop and fix staining of blot

—~—
autoradiograph
— P /
-
Antigen bands Autoradiography

visualized



Immunohistochemistry Schematic

-

.

&
1
1
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¥

B

&
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Colored Product | ®

_____

" Peroxidase or
Alkaline Phosphatase

Secondary Antibody

Primary Antibody

' Fixed Cell Tissue

Proteins



Indirect Inmunohistochemistry

Colored ¢4
Product @@

HRPO
o @

O
DAB % — Labeled Secondary

/ \ Antibody

Primary Antibody —

\ Proteins

il y
Cell/Tissue

Immunofluorescence
Signal —
. Fluorescent Tag
ight” || —abeled Primary Antibody

/ \ Proteins

CellTissue



ELISA
Primary c Substrate
antibody—
conjugate
Direct ELISA
Inhibitor— C %’bstrate
antigen

Competitive ELISA

Substrate
Qo

<+-Secondary
antibody
conjugate

Indirect ELISA

c Substrate
{3

+-Secondary
antibody
conjugate

<— Capture antibody
Sandwich ELISA



i Secondary
::\‘t?l])?)rgy antibody
. conjugate conjugate
) ¢

nhubltor
anﬂgen
Capture antibody




Monitoring the VITAL SIGNS
Oof our Environment
—

/100

eneenns IS THAT)
SUFFICIENT? ==




A Call for Monitoring Cri
Environmental Indicators— 5

tice

Scientific Literature
Evidence Based
Practice

LINK with
EFFECTIVE
Environmental Polic

el LALLC 2L i
Environmental
Indicators

v Biological Health
Indicators

v Environmental

Drugs and other

Pollutants




A Call for Monitoring
Critical Environmental Indicat

NEED FOR Critical and EFFECTIVE :
Sentinel Species Monitoring
Environmental Research
Environmental Polic

$ESSS




\ 2
¥,
4&'
. =

v'Scientific Research: g
Identifying Critical Control Indicators
Monitoring Sentinel Organism
Environmental Health Resear
Environmental Forensics Research




Monitoring Environmental Health: Sentinel Species




Monitoring Environmental Drugs and Health
Pluripotent Stem Cells '




Measuring Environmental Drugs in Health and

Forensics

B00000 4
500000 4
400000 7
300000 4
200000 4
100000 7
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40
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B0 100 120 140 1R0 180 200 220 240 260 280



Measuring Environmental Drugs in Health and
Forensics m

- Injection Port

—J

Capillary Column lonization

/ Source
m' w m W‘_ Focusing Lens ¥ /Delecmr
\ 2

scalll

GC Oven Mass Spectrometer

Mass Analyzer

logal loa Clurcasa ooram
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A Call for Monitoring
Critical Environmental Indicat

NEED FOR Critical and EFFECTIVE :
Sentinel Species Monitoring
Environmental Research
Environmental Polic
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Objective and hypothesis

OBJECTIVE:
To assess the mercury exposure of Surinamers in urban coastal areas, mainly
Paramaribo, through analysis of potentially contaminated drinking water
sources and consumption fish

HYPOTHESIS:

Given the atmospheric distribution of mercury vapor which leads to wide
spread deposition, drinking water sources and consumption fish may
become contaminated, posing a health threat to the consumer in the coastal
area, including Paramaribo



e Random selection and evaluation of:
o 50 selling points
o 18 fish processing companies




Materials and Methods
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Materials and Methods

e Most consumed 3 fresh water and 3 marine fish species
e Mercury analysis: N =4 in duplicate
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Results
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