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Figure 10.1 Biomarkers available for different classes of pollutans.

Table 10.2 Specificity of biomarkers

Highly specific Inhibition of ALAD by lead

n of AChE by OPs and carbamates
Induction of porphyria by some PHAHs

Moderately specific Inhi

Relatively nonspecific Induction of MFO enzyme systcms
Sister chromand exchange

Table 10.3 Biomarkers for different classes of pollutants Table 104 Evaluation of biological respomes o g physioluzical injiry cyused by pollulants
- Response is often Exposare 1o Exposure 10 Respomse is
Environmental Biomarker Reliability resull of exposure  pollusant is known  pollutast is known  practical 1o measare
pollutant index* 1o pollutast 0 cawse fesponse 10 cause response
T i in free-ranging in controlled
_— - organisms. experiments
Toxic metals DNA integrity H
Metal-hinding proteins s 1. Hespomses that meet all criseria
ALAD inhibition salp -
Immune response 5 L Eggshell thinming Yes Yes Yes Yes
Levels of serum enzymes B :;‘d-h:&l:mn Yes Yes Yes Yes
a roduction
PAHs DNAMzemoglobin adducts sdp = v
DNA integrity " ChE inhibitson Yes e e Yes
MFO induction sd ALAD inhibition Yes Yes Yes Yeu
Immune response s
Biogenic amines response 5 B
DN A/haemoglobin sdducts sd MFO induction Yes Yes
DNA integrity 5 NTE inhibition Yeu Yes
MFO induction 5 Thyroid Yes Yeu
l‘arphyrin profile 5 dysfunction
fetiol _Chm“"_ " Alteration in No Yes Yes Yes
Immune response s neaoms
OPs sadp ==— —_— -
Neurnesterases inhibition s.d.p 3. Respanses that met two criteria
DNA integrit; 5
Enzyme pEDﬁ)I‘u 5 IM;)M.KI bl No* No* Yes Yes
v - ) porphyrin
Immune responses ] )
Alterations to No No Yes Yes
* 5 = signal of potential problem neurGtransmitier
d = definitive indicator of type or class of pollutant enzymes
p = predictive intdicater of long-term adverse effect Metallothionein No No
i . , Yes Yes
4 t
Fxpanded from Shugart ef al. (1989). mbuclion




Table 104 Evabustion of biologics! - sty

[T—r——— o Respunse in
vevih of expoare  pellutand s knows  peiluien s knows  practical 1o measure
o pollatars L M ——
i frve-ranging . caraliod
arpaniimn experimens

No o Yoo e

No Yes Yes o
ATP ishibition No No. Yes Yeu
Auteenal No No Yes Yeu
dysfunction
Goesdal Nov ™ Yes Yeu
dyslunction
Piruitary N No Yeu Yeu
dystunction
MO inbibition Na No Yes Yeu
Abicrations 1 No o Yes Yes
carbatydraie
lipid and peosein
mictatslim
Changes in No Ko Ves Yes
DNARNA
conlent or
syrbests
Changes in basal Na No Yes Yas
metabl rae
Mrrgaired Na No Yes oo
thermoregulation
f— o o Yes Yeu
imicuainal transgort
Impaired censl L No Yeu You
fusction
Chsical blood No L Ves You
chemistry
Hcauologscal He Ko Yes Yo
alipio
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Figure 10.5 Linkages between biochemical, physiological, individual and
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Figure 10,6 Linkages in the reproductive failure of fish-cating birds and the Ah
receplor.

Pollutants
& reproductive
processes

Table 3.2 Mujor pollutant-related effects on reproductive processes

Species
Mink

Seals

Rapooral
birds

Fish-cating
birds

Fish

Major lindings

Complete reproductive failure
of ranch mink fed Great
Lakes fish (1), Population
declines around the Great
-akes 12), Laboratory studies
show semsitivity 1o PCBs and
dioxins (3-5).

Decreased reprluctive
success and population
declings in the Balte and
Wadden seas (6, 7)
Experimental sudies on
Wadden Sea population
sugpest comrelation with
Bs (8)

Decreased epgshell thickness
leading 1o reproductive
failure and widespread
population declines (11, 12)
Marked inter-specics
variation (13)

Decreased reproductive
success. cmbryotoxic,
behavioural effects and
congenital abnormalities
(2, 16,17,

Maorality of fry in hatcheries
(204 and in field simations
1213, Population cffects seen

Lakes {21, 22).

Biomarker studics
None carried ol
Examination of reproductive
impairment by dioxin
equivalents should be made.

Murked changes in retin
and some changes in thyroid
%), Pathological changes in
the Baltic population (10),

Caused hy DDE iand closely
relaed pesticade dicofal),
Inhibition of Ca-ATPasc {14)
and effects on calmadulin
i15).

Good inverse relationship
berween reproductive success
and dioxin equivalents based
on AHH induction (18, 19).

None camied ou.




Regulation of
reproduction
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Figure 3.3 Outline of hormonal control of reproduction.

Regulation of
reproduction

Table 34 Effects of PCBs and DDE on reproductive_behaviour, success and hormone levels in doves

Chemical  Dose  Cownship  Time 1o Nest Reproductive LH Steroid Reference
{ppm)  behaviour Ly atlendance suevess hormones
DDE 1 Decreased - - - - in
4 - No effect = 2
A0 - - - Drecreased i3
- Increased - Fail 1o show = 2)
surge
b1l Decreased e - - m
100 Decreased  Increased  Decreased Decreased = - [E)]
PCHs 10 Increased Decreased Decreased - 5
Increased - Decreased - Some changes 16}
23 Decreased  Increased  Decreased Decreased - - i
Mixture Low No effect Increased No effect Decreased Some changes 18
High Decreased  Increased Decreased Decreased - Some changes 8

(brooding only)

References: (1) Macgele and Hudson (1977); (2) Richic and Peterle (1979); (3) Hacgebe and Hudson (1973); (4) Keith (19781 (3) Peakall and
Peakall (1973); (6) Koval e af. (19873 (7) Farve (1978 (%) McAnhor er al. (1983}

Retinoid metabolism

& PCDDs
Comelation Spearman
* 1= 0893
i pe0001
o I— - +
10 100 00
Taxic equivalints {ngg 2.3,7.8-TCOD)
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Figure 6.4 Metabolic pathways of retinols.
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Immunotoxicity of xenobiotics

Damage of cellular Decreased resistance
components of the immune to infections and cancers
system

(immunodeficiency)

Loss of immune
surveil Immuncpotentiation

Interaction with Hy'persensmvrty

seif-antigens \

_———’
) XENOBIOTIC EXPOSURE Allergy
Formation of

pacanigons H’—;/ \ Pseudcallergy

Hapten conjugates Activation of complement
system
Autcimmunity
Figure 8.1 Potential i ic effects of biotic

Immunotoxicity of xenobiotics

Table 8.2 Environmental chemicals that are considered | Iy

Chemical class Immunotoxic effects®
Metals, org 1 Suppression of HMI, CMI, NSR; induction of
metalloids contact hypersensitivity: impairment of host

resistance to infections and umours

Halogenated Suppression of HMI, CMI; impairment of host
hydrocarbons (aliphatic resistance to infections and tumours
and aromatic), aromatic
hydrocarhons
Heterocyelic oxygen- Suppression of HMI, CML. impairment of host
© ini d to infections and tumours

including epoxides,
furans, dioxanes

Carbamates Modulation of CMI. HMI: medulation of host
resistance to infe and
Organophosphates Suppression of HMI, CMI; impaim:cnl of host

resistance to infections and tumours

* Abbreviations: HMIL: humoral-mediated immunity, CMI: cell-mediated immunity,
NSR: nonspecific response.

Xenobiotics and thyroid regulation
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Figure 6.2 Meiabolic pathways of the thyroid hormones.
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Figure 6.1 Overall regulation of thyroid hormones.

Xenobiotics and thyroid parameters
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Figure 6.3 Variation of thyroid-related parameters in hering gulls on the Great
Lakes, G. Fox, Canadian Wildlife Service, Environment Canada {1991),




Xenobiotics (non-AcChE) and neurotoxicity

Biomarkers = ane|
neurotransmitter
levels .
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Figare 211 Effect of DDE. dickirin and PCBs on the levels of DA and NE in
the besin of the rimg-dave. After Heiae er al. (1980}




