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Abstract 

 

Humans are continuously exposed to mixtures of chemicals. However, historically the risks are 

assessed for the each compound individually. Regulation requires sometimes the characterization of 

the effects of mixtures, but this is not the general case. But, this remains a major concern for 

regulators or the general population. This study is a state of the art on the health and environmental 

effects of mixtures. It also presents the different available methodologies to assess health and 

environmental risks. Their feasibility was examined 

through different case studies on waste or effluent. 

 

The main results indicate that the effects of mixtures are mainly additive or antagonist. Cases of 

synergy are unfrequent. This is especially true as the number of substances in the mixture is 

important. In terms of risk assessment, methods on the mixture itself should be preferred. However, 

in the absence of data on the mixture, and in accordance with the recommendations of major 

international or national agencies, substance by substance approaches (doses/concentrations 

additivity or responses additivity) are appropriateand generally protective. However, the quality of 

the substance by substance methods depends directly on the completeness and sensitivity of the 

analytical methods used to characterize the mixture. It should also be mentionned that many 

complementary methods are on  

 

development (QSAR, “Omics” ...). In the next future, associated with screening tests on the  

 

mixture itself, they will be useful tools for better risks assessments and then for a better consideration 

of the effects of mixtures. 

 

1. Introduction  

Most examinations just think about the poisonousness of synthetic concoctions in detachment though 

in the earth, life forms are presented to an enormous number of diff erent synthetic concoctions 

simultaneously. The supposition of blend harmfulness dependent on the individual segment 

information can prompt a critical under-or over-estimation of the potential hazard that a blend may 

introduce. This is especially appropriate where administrative bodies must make evaluations on the 

use of synthetics that might be utilized in the earth or have the potential for discharge into it. It has 

since a long time ago been recognized that the nearness of a concoction in a blend and its known 



poisonousness in separation is no assurance of the eff ects when joined with different specialists. 

Albeit impressive center has shied towards taking a gander at blends all in all, there are still holes in 

our insight and our capacity to evaluate them thusly. It isn't really conceivable to know which blends 

of synthetic compounds will emerge in the earth or to test for the countless specialists and blends 

which may happen. Albeit natural blends are openhighly mind boggling and immense in sythesis, an 

ongoing survey of blend examines performed by Kortenkamp et al. discovered that of the analyses 

considered, under 25% took a gander at blends with at least seven agents.1 With this as a primary 

concern, the point of this survey is to take a gander at how segments in a blend may associate and 

what eff ect this can have on living beings in nature when they are uncovered, all the while, to 

diff erent contaminations. Itwill likewise consider current methodologies used to assess the eff ect of 

such blends so as to see how this effects the appraisal of hazard that toxins can posture to nature.  

2. Reasons for ecotoxicity hazard appraisal of blends  

Around the globe, ecological poisons are found in different grids and can aff ect living beings at any 

trophic levels in biological systems of all diff erent sorts. Exploration has demonstrated that 

anthropogenic contamination can cause grimness and mortality in living beings by aff ecting 

procedures, for example, propagation and development.2,3 Although some exist briefly and will 

debase, different synthetic concoctions are truly steady and will stay in the earth for a significant 

stretch of time. Such synthetic concoctions are of specific worry for top level predators that collect 

toxins and are considered especially critical to ecotoxic hazard appraisal because of their life span 

and resultant opportunities for presentation to mix mixtures.4 It is certain that envi-ronmental 

contamination can have a huge eff ect on untamed life even before the thought of blend eff ects which 

includes a further degree of multifaceted nature.  

Ecological blends regularly exist at genuinely low levels, the specific creation is opennot known and 

there might be other outer, non-synthetic stressors that assume a job in the joined eff ects as well. 

Despite the fact that not all blends will have eco-harmful eff ects, those that do can be essentially 

harming to natural life. There are countless expected substance mixes and it isn't useful nor 

consistently conceivable to test them just for ecotoxic eff ects, so there is a conspicuous requirement 

for strong ways to deal with survey toxicity.5 A typical school of training, openused for 

administrative structure, is that if indi-vidual parts of a blend fall underneath certain poisonousness 

or focus limits then the general blend will be 'sheltered'. It is anything but difficult to see from the 

accessible writing, this doesn't generally coordinate this present reality circumstance and if parts of a 

blend associate the general hazard to ecological life forms can be a lot more prominent or littler than 

anticipated. There are numerous classes of toxins that can frame blends in nature and to think about 

only three of these gatherings, overwhelming metals, phar-maceutical medications and pesticides, 

serves to show the significance of exact evaluation of ecological blends.  

2.1. Heavy metals  



Substantial metals are a significant wellspring of natural contamination brought about by 

anthropogenic exercises and are notable as an extensive hazard to the soundness of untamed life. 

Both single toxicant studies,6–8 and those seeing blends have indicated that because of wide modern 

use, substantial metal contamination traverses numerous ecosys-tems and numerous oceanic, marine 

and earthly living beings are continually presented to complex metal blends and the associ-ated 

toxicities.9,10 There are various investigations demonstrating that metals in blends that are found in 

nature or blends that recreate them are poisonous to ecological organ-isms. The investigations show 

that the blends aff ect living beings at alltropic levels of the biological system. Because of the idea of 

substantial metal contamination, sea-going biological systems are especially in danger. Parallel blend 

investigations of nickel, cadmium and lead just as arsenic and cadmium increment death rates and 

cause immobilisa-tion in Daphnia magna, a sentinel amphibian organism.11,12 Combinations of 

mussel.13,14 In frogs, co-introduction to cadmium and chromium can cause expanded gathering of 

overwhelming metals in the kidneys.15 In fat head minnows, a blend of six diff erent substantial 

metals that were each at singular water standard levels was found to disable growth.10 It is clear 

even from a little example of the accessible information, that blends of overwhelming metals speak 

to a danger of consid-erable concern. Such investigations have additionally featured that it isn't 

generally direct to foresee the poisonousness of overwhelming metal blends from tests that 

utilization single synthetic substances and the harmfulness of a blend can be more prominent or not 

exactly anticipated. A few blends of substantial metals are generally easy to evaluate, for instance D. 

magna introduction to copper, cadmium, lead and zinc blends have been precisely anticipated various 

times,16,17 yet harmfulness predic-tions of other substantial metal blends have been wrong due to 

eff ects on extra pathways that are not engaged with single treatments.11,12 Due to their science, 

numerous overwhelming metal species will collaborate with one another just as with different 

synthetic compounds and organic structures as opposed to just applying their own poisonous eff ects. 

A far reaching investigation taking a gander at all potential blends of the absolute most normal 

overwhelming metal contaminants (copper, lead, zinc and cadmium) in an ocean urchin examine 

found that in most of blend combina-tions, the metals interacted.18 In numerous cases, substantial 

metal collaborations increment the poisonous eff ects such death rate in lavae,19 renal damage,20 

undeveloped poisonousness and spermiotox-icity18 however some likewise yield a decline in 

expected toxicity.21,22 There are additionally numerous different elements that in nuence the 

general harmfulness of a substantial metal blend, for example, regardless of whether introduction is 

intense or chronic.10 Derivations from the normal harmfulness cause worry that flow forecast and 

evaluation techniques are not satisfactory and may prompt poisonous blends that will harmbiota in 

the indigenous habitat.  

Substantial metal blends are not constrained to oceanic environ-ments, their eff ects are additionally 

observed in earthbound biological systems. Substantial metals have shown connections that modify 

the normal blend harmfulness in various earthbound species, for example, isopods,23 earthworms24 

and nematodes.25 There is little exper-imental information from higher vertebrates on which to base 



ecotoxic chance evaluation due to the difficulty of working with species that have increasingly 

complex organic frameworks, longer life expectancies and the push to diminish creature testing. 

Given our insight that solitary operator substantial metal introduction causes negative wellbeing 

eff ects in birds26–28 and mammals,29 we can accept that probably some overwhelming metal 

blends will likewise have malicious eff ects, conceivably more prominent than would be normal from 

indi-vidual presentation information. To include a further degree of concern, the co-presentation of 

metals with different sorts of contaminations can lead novel mix eff ects. Studies that have 

concentrated on the eff ect of overwhelming metals in mix with different synthetic concoctions have 

discovered that they can collaborate with different operators, especially pesticides, which can 

likewise prompt changed blend toxicity.30–32  

2.2. Pharmaceutical medications  

Pharmaceutical synthetic substances are planned with their eff ect on people and creatures at the top 

of the priority list and specific care is taken to assess the dangers of blending in with different 

synthetics or medications. The danger of unpredicted, unregulated blend eff ects is low during their 

expected use however the potential for discharge into the earth is noteworthy and in this manner 

there is an extraordinary danger of such operators turning out to be parts of harmful blends in the 

envi-ronment.33 Due to visit utilization and the idea of pharma-ceutical discharge into substantial 

openhighly mind boggling with numerous connections happening between chemicals.34–36 The 

huge scope of pharmaceutical exacerbates that advance into nature makes foreseeing such 

collaboration difficult: non-steroidal mitigating drugs (NSAIDs), hormones utilized as 

contraceptives, prescriptions, antimicrobials and more are all often detected.37  

Test proof shows that openmixtures of such medications have unforeseen poisonousness contrasted 

with individual chemicals.38 In an investigation utilizing D. magna, the harmfulness of a blend of 

NSAIDs, including ibuprofen and acetylsalicylic corrosive, was noteworthy even at levels where the 

individual medications indicated little toxicity.39 Similar outcomes have additionally been found 

with different sorts of medications. For instance, one investigation found that cloribrinicacid, a 

cholesterol bringing down medication, alone caused 1% of D. magna to become immobilized and 

carbamazepine, an anticonvulsant, alone immobilized 16% however in a blend, they caused the 

immobilization of 95% of the organisms.40 This speaks to an essentially more noteworthy 

harmfulness than anticipated, which would have been 

3. Mode of eff ects of chemical mixtures 

Early work in the field, from the 1930's onwards, prompted the advancement of the three 

fundamental models of blend eff ects (see Fig. 1). The initial two were named focus expansion and 

autonomous action64,65 and these apply where there is no cooperation between the parts in a blend. 

The third classification is applied to blends where there is cooperation between the segment synthetic 

substances prompting potentiation or opposition of toxicity.66 In nature, blends are not 



generallycomprised of basically likewise or divergently acting synthetic compounds and during 

hazard appraisal, every one of the three models may should be considered especially for 

progressively complex blends.  

3.1. Concentration expansion and free activity  

Both obsession extension and self-sufficient movement use the model of non-association so mix 

harmfulness is foreseen subject to the assumption that fragments inside a mix won't impart or 

interfere with each other. On a basic level, a core interest. 

 

Fig. 1 Schematic demonstrating the theoretical models of chemical mixture eff ects. 

expansion model otherwise called an added substance model applies to synthetic concoctions in a 

blend where the summation of the individual segment poison levels is equivalent to the harmfulness 

of the blend as a whole.67 The model expect that the diff erent specialists in the blend share a similar 

instrument of poisonousness and a similar objective site yet are weakened by one another thus don't 

relying upon their focus and strength, so that regardless of whether all parts are at levels belowthe 

poisonousness edge, the general blend would have harmfulness because of the added substance 

eff ect.68 Many methodologies towards blend chance appraisal, openused by administrative bodies, 

chip away at the supposition that a blend of synthetic concoctions will have a concentra-tion added 

substance harmful eff ect.69 A genuine case of a class of chem-icals that for the most part cling to the 

presumptions of fixation option are xenoestrogens which can have fundamentally detri-mental 

eff ects on the wellbeing of humans70 and wildlife.71,72 Studies have indicated that regardless of 

whether the individual estrogenic mixes are at levels where no eff ect is watched (when applied 

alone), the general blend has poisonous eff ects because of fixation addition.73,74  

Free activity, some of the time called reaction expansion, alludes to synthetic concoctions that have 

diff erent methods of poisonousness thus aff ect diff erent natural objective locales. As the name 

proposes, the segments of the blend are acting autonomously thus they don't affect the poisonousness 

of each other.75 Thus, in a blend where the parts display free activity, it is normal that the general 

blend would have no harmfulness giving that all the individual specialists are at subtoxic levels. As 

far as hazard evaluation, a blend is openassumed to display free activity if there is proof to show the 



harmfulness isn't additive.76 Unlike fixation expansion, which has been all around concentrated in a 

scope of diff erent life forms and with numerous synthetic concoctions, there is impressively less 

writing on the capability of autonomous activity and its accuracy.77 The investigations that have 

been done, primarily center around microorganisms, bacteria78,79 and algae,80 have discovered that 

free activity is a dependable method to foresee the eff ect of disparately acting synthetic substances in 

a blend and is more exact for such synthetic substances than focus expansion. All the more as of late, 

contemplates taking a gander at higher living beings have likewise discovered comparative results.81  

3.2. Interactions  

At times, moderately few yet earth noteworthy, the poisonousness of a blend diff ers from that 

normal utilizing the suppositions of focus expansion or autonomous activity. In these cases, blend 

segments impact each other to bring about the general poisonousness being more grounded or more 

vulnerable than anticipated. This is because of cooperations. At the point when the blend 

poisonousness surpasses that of the individual synthetic concoctions together, it is known as 

cooperative energy or potentiation. Various examinations have indicated that overwhelming metals, 

specifically, open have potentiated poisonousness because of cooperation with one another in 

mixtures.82–84 The term potentiation is in some cases utilized conversely with the word syner-gism 

yet they each allude to particular events. Blend poisonousness is depicted as synergistic if just one 

compound is available at a harmful level and different parts in a blend are available at subtoxic 

levels.67,85 Therefore, the substance present at a sub-harmful level would have no eff ect whenever 

applied in segregation and just has harmfulness with regards to the blend. This segment would be 

known as the synergist.86 Potentiation or synergism happens when a compound in a blend modifies 

the manner in which another is utilized. In a mind boggling blend it is conceivable that there might 

be more than one collaboration where digestion is changed making the general result much harder to 

anticipate. There are two principle manners by which a synthetic can aff ect the digestion of the 

other. The first is in the event that it makes a subsequent substance be enacted faster; this typically 

occurs because of the principal compound prompting the statement of proteins that are engaged with 

the initiation of a subsequent concoction. The second way that digestion can be modified is the point 

at which a substance keeps another from being corrupted by hindering a catalyst, or its appearance, 

that is associated with detoxification.67,87 Carbon disulphide is a very much contemplated 

hepatotoxic contamination that shows synergistic poisonousness in specific blends. It can cause 

extensively more prominent degrees of poisonousness than anticipated by fixation or reaction 

expansion because of its influuence on blended capacity oxidases (MFOs) detoxifying proteins, 

explicitly cytochrome P450 (CYP) enzymes.88 CYP2E1 compounds utilize and actuate carbon 

sulphide89 and within the sight of synthetic concoctions that likewise prompt the statement of CYP 

catalysts, potentiation of carbon disulphide harmfulness happens as it is initiated altogether faster 

than if applied alone. This eff ect occurs in both concurrent and consecutive exposures.90  

Another case of adjusted digestion prompting potentiation is that of malathion, a widely utilized 

pesticide that is open debased during produce with a pollution called isomalathion. In blend, a blend 



of the two has more prominent than anticipated cytotoxicity and genotoxicity91 because of hindrance 

of carboxylesterases, another group of detoxification catalysts, by isomalathion. As detoxification of 

malathion is essentially more slow, blend poisonousness is enhanced.92  

The second kind of communication is known as hostility. This happens when poisonousness of a 

blend is not exactly expected utilizing a focus or reaction expansion model, i.e., not as much as that 

of its individual parts. This can occur because of direct connection between synthetic concoctions, 

rivalry at receptors or changed metabolism.93 A very much examined, natural case of threat is the 

communication among mercury and selenium. The nearness of selenium is thought to lessen the 

osmosis of methylmercury in the body along these lines diminishing its toxicity.94 The selenium can 

sequester the mercury thus diminishes its bioavailability and capacity to cause poisonous eff ects. 

Sequestrationprevents the activity of selenium-dependant catalysts whichcontain sulfur particles 

fundamental for a critical piece of the poisonousness of mercury.95,96 In ecotoxic hazard appraisal, 

adversarial associations are not as worried as synergistic or potentiated connections as the 

harmfulness of the blend is disparaged as opposed to being more hazardous than anticipated.  

4. Current ways to deal with blend hazard evaluation  

Ecological hazard appraisal is something of a confused undertaking; thought of numerous synthetic 

compounds, species, systems of activity, introduction ranges and so forth all have their part to play 

and might be required for the hazard to be precisely anticipated. In a lab circumstance, it is 

unfeasible if not difficult to tentatively reproduce and test every blend of synthetic substances, which 

may be found in nature. Therefore, powerful prescient models are basic to our comprehension of how 

poisons cooperate with the goal that they can be suitably assessed. There are two different ways to 

move toward the hazard evaluation of a blend: (a) taking a gander at the entire blend; or, (b) utilizing 

information on the segment synthetic compounds. Fig. 2 exhibits the information utilized in both 

entire blend and segment based methodologies and gives model hazard appraisal strategies fitting for 

each.  

4.1. Whole blend based methodologies  

Entire blend draws near, now and again called top-down methodologies, use harmfulness 

information as the organic reaction to a whole blend or from portions of it on account of 

hydrocarbons mixtures.97 It is likewise conceivable to play out a hazard appraisal on a substitute 

blend on the off chance that it is viewed as comparable enough to the blend under scrutiny. On 

beginning consid-eration, entire blend approaches may appear the most intelligent as they seem to 

best speak to the synchronous introduction that life forms in the earth experience. A key favorable 

position of this kind of ecotoxic chance evaluation is that by utilizing the entire blend, any 

collaborations between the segment synthetic substances that may have been missed in a part based 

methodology are accounted for.76 In an ecological setting, it is some of the time increasingly proper 

to take a gander at entire blend information if the blend being referred to is inadequately portrayed, 



for example, in muck, silt or effluent water;98 if there are any obscure or unidentied constituents, 

they are additionally caught in the appraisal.  

Nonetheless, there are some significant constraints; the infor-mation coming about because of an 

entire blend evaluation is exceptionally explicit to that specific blend and can't be extrapolated to 

different blends or circumstances. It is just relevant to blends that are truly steady in nature as it 

doesn't represent any adjustment in sythesis that is run of the mill of complex blends. This kind of 

approach doesn't produce any data on the system of activity of parts inside the mixture.99 It is just 

conceivable to decide whether there is an added substance reaction (from certain appraisals) yet 

nothing further can be closed about expected associations. Regardless of whether a particular 

poisonous endpoint, for example, genotoxicity is recognized and estimated, it is beyond the realm of 

imagination to expect to distinguish the toxicant liable for this result. For ecotox-icity hazard 

appraisal, entire blend approaches are open not reachable as it is beyond the realm of imagination to 

expect to extricate or reproduce a whole natural blend because of the sheer size of potential segment 

based approaches.100  

4.2. Component based methodologies  

At the point when it is conceivable to recognize the entirety of the segments in a blend, hazard 

evaluation is open done utilizing harmfulness information on the constituent parts. Quantitative 

harmfulness information is matched with chance and additionally danger arrangement to give a full 

hazard appraisal. As a rule, the kind of blend eff ect is determine as 

 

 

accessibility of information and common sense limitations, the method of activity probably won't be 

known so for ecological poisonousness appraisals, numerous strategies expect a fixation expansion 

model. In spite of the fact that segment based methodologies explain huge numbers of the 

confinements of entire blend evaluations, the presumption of non-communication in lieu of method 



of activity information may result in conceivably ecotoxic blend connections being missed.102 

However, proof recommends that for most of cases, fixation expansion is satisfactory to anticipate 

blend harmfulness. Normally utilized segment based methodologies that expect additivity 

incorporate Relative Potency Factor (RPF) techniques, for example, Toxic Equivalency Factors 

(TEFs), the Toxic Unit (TU) summation approach and the risk record (HI).103 Herein, we will 

examine a couple of the most utilized strategies, however Table 1 gives an increasingly extensive 

rundown of approaches.  

The summation of TUs is the most immediate use of the focus expansion model and it is broadly 

utilized in ecotoxicology hazard assessment.104,105 The TU of a concoction is inferred as a division 

where the centralization of the individual blend segment is separated by a poisonous endpoint, for 

example, the EC50 (the portion at which a half eff ect is instigated when that synthetic is in 

disengagement). For long haul exposures, the no watched eff ect level (NOEL) can likewise be 

utilized. The general poisonous unit of the blend is determined by the summation of the individual 

TUs.76,106 Risk evaluation strategies that utilization RPFs are commonly utilized for gatherings of 

synthetic substances where the poisonousness and portion reaction of one specific individual 

concoction in the class is very much portrayed and studied.107,108 This substance is known as the 

record compound. Utilizing the supposition that others in a similar class have a similar system of 

activity, the harmfulness of the substance under inquiry is communicated comparative with that of 

the file compound. RPFs can be viewed as scaling factors that permit harmfulness to be depened 

comparative with the amount of the file exacerbate that would be required so as to create a similar 

poisonousness as the explored chemical.109 For assessing blend eff ects, RPFs expect a focus option 

model so the harmfulness of a blend can be determined by including the equiv-alent file compound 

portions. The most usually utilized kind of RPF technique is the TEF yet a comparative RPF known 

as the intensity equivalency factor (PEC) has likewise been created for use with increasingly assorted 

gatherings of synthetic concoctions including polyaromatic hydrocarbons.107  

 

TEFs are a particular sort of RPF that are broadly utilized in ecological administrative conditions to 

survey the poisonousness of dioxins, furans and other dioxin-like mixes, for example, pol-

ychlorinated biphenyls (PCBs), that predicament to the aryl hydro-carbon receptor.110,111 These 

synthetic concoctions have differing ecotoxic properties and are exceptionally steady in nature 

prompting amassing up evolved ways of life. TEFs express the comparable harmfulness of these 

mixes, somewhere in the range of 0.00001 and 1, comparative with the most intense dioxin: 2,3,7,8-

tetrachlorodibenzo-p-diozin (TCDD).112 For combined evaluation, the total of proportionate TCDD 

portions for every dioxin-like compound is utilized, which is created by duplicating the portion by 

the TEF for that specific compound. Albeit exceptionally helpful, the TEF strategy makes Table 1 

Component-based techniques for synthetic blend chance evaluation approaches sorted by the 

expected instrument of activity 



 

some focal suppositions that confine the blends it very well may be applied to. The first is that the 

parts of the blend must apply poisonousness by means of the aryl hydrocarbon receptor as the 

require-ment for a comparative method of activity approves the utilization of an added substance 

approach.113 As TEFs can be utilized for human and natural life blend evaluations, it additionally 

expect that the chem-icals carry on the equivalent or likewise in diff erent species.114 Finally, it 

additionally accept that identical harmfulness between the synthetic concoctions and TCDD 

continues as before at all portions. In spite of the fact that these principles speak to possible 

restrictions, TEFs are viewed as simple to utilize and simpler to normalize across compound classes 

as they depend on power instead of presentation which can have numerous variables. There have 

been different investigations that have demonstrated that the TEF approach functions admirably to 

precisely foresee the harmfulness of blends of dioxin-like substances.115,116  

 

The HI is progressively open utilized in human wellbeing hazard evaluation yet it is progressively 

being utilized to explore ecological blends, especially those made out of pharmaceutical agents.117–

120 A HI is created by the expansion of risk remainders for every part synthetic in a blend. It is open 

utilized when the system of activity isn't known as dissimilar to the TEF approach, the HI doesn't 

utilize a RPF scaling factor worked from introduction information however rather utilizes a base 

hazard reference level, normally got from benchmark portions or the no watched unfavorable eff ect 

level (NOAEL).121 Hazard remainders are determined bycomparing the presentation of every 

concoction to a reference level that is explicit for that compound.122 The HI is utilized for surveying 

blends of comparably acting mixes so a general HI is created by adding the peril remainders. 

Figuring a HI gives a subjective gauge of blend chance and is expressed as far as whether it 

surpasses solidarity or not. A HI of a blend that is more than one is considered to surpass worthy 

degrees of harmfulness and isn't 'protected' in the environment.123 The HI is viewed as more 

adaptable than utilizing TEFs as the specific system of activity shouldn't be known. Additionally, 

diff erent kinds of information can be utilized conversely as introduction information and worthy 

Component-based approaches  

Concentration addition Independent 

action 

Interactions 

Direct application Direct application Weight of evidence HI 

Toxic Equivalency Factors 

(TEFs) 
Hazard Index (HI) 

 Physiologically-based 

pharmacokinetic (PBPK) model 
 

Relative Potency Factors (RPFs)  
Combined margin of exposures 
(MOETs) 
Point of departure index (PODI) 



cutoff points as long as they are communicated in similar cutoff points. The correlation with a 

reference level reinforces the HI approach as it is a very much described adequate hazard level and 

giving they are as of now determined, figuring the HI is rela-tively quick. In any case, this can 

likewise be a drawback to the strategy as the way that the reference esteem is determined may diff er, 

because of the utilization of vulnerability factors, for every blend segment bringing about 

irregularities in the peril remainders. Ideally,standardised information ought to be utilized for every 

synthetic to illuminate this issue and make the HI a progressively hearty apparatus.  

For blends where the segments have a comparative mecha-nism of activity and the mixes have a 

straight portion reaction relationship, evaluation of hazard utilizing either focus expansion or free 

activity should give the equivalent estima-tions. Free activity is once in a while utilized as a 

supposition for ecotoxicity appraisal strategies as past proof has sug-gested fixation expansion is 

increasingly appropriate to blends. As of late in any case, it has been proposed that a joined, layered 

methodology might be progressively suitable for natural hazard evaluation. The underlying stages 

are utilized to decide if there is a requirement for additional, higher level testing. It has been 

suggested that the main level includes the utilization of focus expansion suppositions and the higher 

level uses free activity if needed.106,124  

5. Challenges of natural hazard evaluation  

5.1. Interactions  

As depicted over, the vast majority of managerial peril evaluations for normal mixes rely upon the 

assumption of moreover acting engineered substances, also called center choice. In spite of the way 

that for certain, mixes (Table 2) this may give a conventionalist extent of peril, it doesn't speak to 

interac-tions. For mixture mixes where the constituent engineere

noxiousness, the risk that a mix positions to animals in the earth can be under or overestimated using 

this assumption. For normal rule, syner-gistic correspondences are of more concern than antagonistic 

ones as the mix is more noxious to untamed life than foreseen and may cause hurt. Mix eff ects 

realized by generous metals, explicitly, may be difficult to assess using standard procedures 

asinteractions are reasonably common.125 As well as compound correspondences, there are in like 

manner different abiotic factors relating to living space that can combine with the eff ects of 

engineered mixes and lead to helpful vitality or restriction of the mix toxicity.126  

Joint efforts in mixes happen just in unequivocal conditions and are explicit for that specific mix, 

parcel, living thing, etc., so it is all things considered difficult to get them in chance assessments. In 

order to address this, various procedures have been developed that expect to speak to relationship in 

mixes. The reasonable used to evaluate 

Methodology Mixture under investigation Refere

nce 



Table 2 Examples of recent applications of common risk assessment methods and the 

mixtures they were 

 

HI weight of proof (WOE) HI change consolidates pairwise appraisal of potential collaborations 

between all synthetic concoctions in a blend. It is utilized when the reference levels taken for the 

deduction of the HI depend on a diff erent harmful endpoint than different synthetic compounds in 

the mixture.127,128 There are additionally different components that are fused into the WOE score, 

for example, nature of the information and sort of association. The result is a numerical score that 

shows whether poisonousness is probably going to be under-or over-evaluated utilizing the 

customary HI method.129 This balanced HI is restricted to blends where all the compo nents are 

known as this data is expected to empower parallel communication appraisal. It is additionally 

decently time serious and needs a great deal of information to utilize. This methodology has been 

created for human hazard appraisal and in spite of the fact that the ideas can be applied to earth 

important blends, fitting information should be available for fruitful application.  

Another methodology that means to anticipate blend harmfulness and hazard by including 

communications is the physiologically-based pharmacokinetic (PBPK) model. PBPK displaying 

expects to foresee pharmacokinetic cooperations in blends at the tissue level by evaluating 

connections of double matches of synthetic concoctions in the blend. It takes a shot at the 

supposition that associations at a double level can be utilized to anticipate communications in the 

entire, progressively complex mixtures.130 The model perspectives a living being as a lot of 

associated tissue compartments and factors, for example, metabo-lism, take-up and cooperations are 

incorporated to give an increasingly reasonable natural reason for blend assessment.131 It has been 

indicated that PBPK displaying is additionally ready to foresee changes of concoction fixation in 

tissues because of blend interac-tions.132,133 This sort of model is managable to different kinds of 

Whole mixture assessment Industrial wastewater containing cosmetics waste 
such as surfactants, 

152 

 preservatives and phenol derivatives  

 Mixture of welding fumes containing toxic metals 
and gases 

153 

 Boreal sediments containing metal emissions 154 

Toxic Equivalency Factor (TEF) Binary mixtures of metals containing copper, lead 
and cadmium 

155 

 Binary mixtures of benzo[a]pyrene and 
dibenzo[a,l]pyrene as well as complex 

156 

 mixtures of PAHs  
Hazard Index (HI) Air samples collected from classrooms 157 

 A mixture of nine phthalates in food items 158 

 Pesticide mixtures on fruit and vegetable 159 

Adjusted or weight of evidence 
HI 

Predicted environmental mixture of 15 antibiotics 160 

Physiologically-based 
pharmacokinetic (PBPK) 

Mixtures of trihalomethanes from reclaimed water 161 

modelling A mixture of 109 chemicals in gasoline 162 
 Mixture of pesticide residues 163 



information and in principle can be adjusted to fuse numerous sorts of toxicological endpoints, 

connections, etc.134  

Sadly, communication based hazard forecast strategies require prepared experts to do the evaluations 

and an abundance of information on which to display blend eff ects. In any event, for human hazard 

appraisal, significantly greater improvement is required and considerably more so to make them 

material in an envi-ronmental setting. Thusly, these techniques are not as of now ready to be utilized 

as a standard convention for chance appraisals implying that blend collaborations may at present go 

unidentified (Table 3).  

 

5.2. Multiple species appraisal  

 

The primary diff erence between blend chance appraisal for people and for the earth is that the last 

requires thought of numerous species. The point of ecological hazard evaluation is to secure the 

biological system in general, not simply people. This can introduce huge issues when attempting to 

foresee the danger of substance blends. Evaluation is hampered by an absence of information on 

synthetic instrument of activity just as the strength in all species in a network as poisonousness of 

blend parts will diff er contingent upon physi-ological and pharmacokinetic diff erences between 

organ-isms.106 Toxicity of substances may likewise change significantly between diff erent life 

stages, e.g., egg, hatchlings or grown-up of a similar living being. Such varieties in affectability can 

be brought about by digestion diff erences if detoxification or enactment compounds are engaged 

with the instrument of activity. There may likewise be changes in target locales that are required for 

the blend to apply toxicity.135 Overall, this presents an extremely intricate circumstance with 

numerous components to be represented in the characterisation of blend eff ects. Numerous 

ecological guideline approaches include the utilization of anticipated no eff ect fixations 

(PNECs).136 PNECs are produced from research center put together state administered tests 

performed with respect to the most touchy life form in the biological system, which are then changed 

in accordance with represent factors, for example, between lab variety. Such life forms are from 

diff erent trophic requests and a supposition that is made that insurance at lower levels of the 

biological system will give wellbeing to higher trophic species. In Europe, standard REACH 

(Registration, Evaluation, Author-isation and limitation of Chemicals) guideline necessitates that 

three species datasets are given, one from every one of the principle trophic levels: essential maker, 

essential customer, optional purchaser. For instance, for oceanic biological systems it is necessitated 

that information for an algal species, a scavanger and a fish animal groups are provided.137 The 

extrapolation of this information is open very 

Table 3 A summary of the advantages and disadvantages of the most commonly used mixture risk 



assessment methods 

Methodology            Advantages Disadvantages 
 

Whole mixture assessment 

Interactions between components are captured Cannot extrapolate 

assessment to any other mixtures 

Can be used to study poorly characterised mixtures such 

as sludge or sediment 



Can only be used for stable mixtures 

 

No mechanistic information can be determined Cannot identify component(s) 

responsible for eff ects 

Toxic equivalency factor (TEF) Relatively simple to 
use Chemicals in question must exert toxicity via the 

Easier to standardise than other methods 

 

 

 

Hazard Index (HI) Flexible as exact mechanism of action does not have to 

be determined 

Diff erent types of data can be used as risk reference 
levels 

Uses well characterised ‘acceptable risk levels’ for 

reference 



AhR so only applicable for certain agents Assumes that the equivalent toxicity 

between the chemical and the reference is the same at all concentrations 

Use of uncertainty factors can result in inconsistencies in the hazard quotient 

Adjusted or weight of evidence HI Accounts for 

interactions in mixture Mixture must be fully characterised 

Can be used when chemicals have diff erent toxicological 
endpoints 



Time and data intensive 

Physiologically-based Accounts for interactions in mixture Needs a trained 

specialist to perform 

pharmacokinetic (PBPK) modelling 

 

 

 

 



Can incorporate various data types, toxicological endpoints, interactions etc. 



Requires a lot of data for model 

 

 



limited as it doesn't represent inborn dissimilarities between species at diff erent trophic 

levels. Too, there may even be huge differences between living beings inside the equivalent 

trophic categorisation. Besides, the supposition of assurance to higher trophic species 

doesn't really hold for synthetic compounds that bioaccumulate up the evolved way of life. 

The basic need to consider various species in a network has implied that ordinary 

administrative blend evaluations are openunsuitable and may think little of the danger of 

ecotoxic blend eff ects.  

There have been recommendations for strategies that expect to look atrisk evaluation at a 

network level as opposed to an individual level. The ongoing advancement of a tissue 

buildup approach proposes a layered technique. The firsttier evaluates the poisonousness of 

a blend in singular animal varieties and afterward the second and third levels use tissue 

living beings in a commun

species sensitivities and foresee the division of species in the complete network which will 

encounter harmful eff ects from blends utilizing a known factual distribution.139,140 

Another approach to address the issue may be the utilization of antagonistic result 

pathways. These models expect to utilize mecha-nistic information identifying with single 

synthetic compounds and blends to inte-grind populace level reactions into hazard 

assessments.141,142 Up until this point, these strategies are as yet being created and have 

gone under some analysis because of irregularities in the deri-vation of affectability 

information. In any case, with further work they could have generous ramifications for 

administrative hazard evaluation of natural blends giving more introduction information is 

created for use in SSDs, and so forth.  

5.3. Simple versus complex blends  

The methodologies that are utilized to survey the danger of straightforward blends, those 

that have less than ten segments, may not be suitable to assess the likely harmfulness of 

complex blends. Complex blends can have more than many synthetic constituents, not all of 

which may have been recognized. Blends with various parts are additionally bound to 

change after some time and bound to have potential interac-tions between synthetic 

substances. Many hazard evaluation draws near, especially those concentrated on human 

wellbeing assurance, depend on the suspicion of twofold pair harmfulness foreseeing the 

blend eff ects of a general blend. In an ecological setting where there are such a large 

number of possible blends, openwith unidentified parts, appraisal approaches need to 

consider how to deal with profoundly complex blends that are made out of conceivably 

incalculable synthetic compounds.  

It is conceivable that gathering mixes inside complex blends may make them progressively 

sensible for hazard evaluate ment. Gathering should be possible based on toxicological or 

basic similitude to frame evaluation or hazard gatherings. Two recommended strategies that 

can be utilized to deal with the expectation of complex blend hazard are the top n and 

most unsafe synthetics in the blend, for instance the main ten segments that represent the 



most harmful hazard may be described. The pseudo top n characters the top classes of 

concoction that present the most hazard. At that point by gathering chem-icals dependent on 

similitudes, for example, system of activity, a synthetic is recognized to speak to each class. 

When the real top or pseudo top n synthetic concoctions have been recognized, the danger 

of the blend can be evaluated utilizing indistinguishable strategies from are utilized for 

straightforward blends. It is expected that the general blend hazard is caught by 

concentrating on the most unsafe chemicals.144 A strategy equivalent to this has recently 

been utilized in a human wellbeing hazard evaluation system and it is conceivable this sort 

of approach could be utilized for ecological blends as well.145  

Contingent upon the sum and nature of information, it might likewise be conceivable to 

utilize PKBK ways to deal with extrapolate information from basic, paired blends to 

anticipate the poisonousness of those with multiple constituents. Utilizing pairwise 

association information as building squares, PBPK models can include further 'associations' 

with join more segments giving there is subjective information accessible on the instrument 

of activity. Hypothetically such a model could be applied to a blend with the same number 

of compo-nents as desired.131 This kind of strategy requires a specific measure of 

information and as complete introduction information for such countless potential mixes 

won't generally be accessible (or conceivable to acquire), computational methodologies 

have been created with the expect to connect this gap.146 Although there is as yet critical 

work required, they speak to a promising new way to deal with progressively exact hazard 

evaluation of complex envi-ronmental blends. This is especially significant as in spite of the 

fact that the field of basic blend chance evaluation is currently progressing quickly, the 

advancement of strategies for managing complex blends is openlagging behind because of 

an absence of good quality, quantitative information.  

6. Future core interest  

As this audit has appeared, there are various provokes explicit to the appraisal of natural 

blends that further convolute an as of now diffi cult task and when consid-ering whether we 

can precisely foresee the danger of environ-mental blends. It becomes clear this may just be 

conceivable to do in information rich circumstances where factors, for example, parts and 

components of activity have been charac-terised. There is an undeniable need in a wide 

range of blend chance appraisal for information holes, for example, concoction components 

of activity and species sensitivities, to be distinguished and maybe an orderly methodology 

actualized towards redressing them. Further advancement of prescient models is another 

key advance towards improved hazard appraisal of blends. Models that represent natural 

factors, for example, digestion and body conveyances, e.g., the PBPK model have been 

recommended as off ering the most refined strategy for prescient purposes and are 

progressively being used.147 Although it has been called attention to that such models need 

approval utilizing normally experienced synthetic blends, when such information is 

produced, they may be utilized for standard administrative assessments.103,147  

 



For ecological blend evaluation, center towards better demonstrating of biological systems 

and inclusion of numerous species in natural hazard expectation has just started with 

techniques, for example, the SSD. There are various presumptions made by presently 

utilized strategies that may work for human hazard survey ment however are not pertinent 

to natural blends. For instance, information on poisonousness endpoints is openonly 

required for one lifestage (openthe grown-up stage) while a few blends might be 

increasingly harmful to creating organisms.148 Also, because of the enormous number of 

life form in biological systems, harmfulness information is openonly utilized from a chosen 

few animal categories. Nonetheless, these species may not be illustrative of the biological 

system all in all; for instance, amphibian appraisal strategies for blends use information 

from D. magna, which have various novel qualities, for example, abiogenetic 

reproduction.149 Although entanglements like these should be corrected, for ecotoxic 

synthetic substances, evaluation at the populace level is substantially more significant than 

taking a gander at harmfulness at the individual level. The utilization of information from 

mesocosms or model environments may off er a superior arrangement when taking a gander 

at blend eff ects of a network, so higher level appraisal models will require more 

consideration and work in the future.150 Finally, thought must be given to outer, abiotic 

factors in the biological system, for example, introduction course. Some portion of the 

hazard character-isation of synthetic concoctions depends on assurance of a portion reaction 

relationship in a particular media yet in nature, life forms can be presented to synthetic 

concoctions by means of food, air, water, and so on. The course by which living beings are 

presented to synthetics in a blend will aff ect the general harmfulness and joining of 

apportioning and course data will improve the exactness of hazard evaluations. The 

advancement of mixed media destiny models has been recommended as a unique choice for 

seeing substance destiny and blend presentation course and will probably see further 

improvement in the future.151  

There are numerous zones where blend chance evaluation strategies need coordinated eff ort 

and work so as to make them increasingly useable for ecotoxic blends. By concentrating on 

those issues which essentially hinder the precision of danger evaluations, as good as ever 

models might be able to conquer such issues and at last be utilized in an administrative 

setting to guarantee blend harmfulness in the earth are not above adequate levels.  

7. Conclusions  

In nature, life forms are at the same time presented to an extraordinary assortment of 

synthetic concoctions with various properties. The manner by which synthetic concoctions 

their fixation, target site and instrument of activity. The poisonousness of a blend can be 

anticipated utilizing harmfulness information on either the individual compo-nents or the 

blend all in all. Current methodologies that mean to describe the danger of substance blends 

use part put together strategies based with respect to fixation expansion, for example, TEFs 

and HIs. Synthetic substances in blends, for example, pharmaceuticals, substantial metals 

and pesticides can cause inconvenient wellbeing eff ects to living beings and for those 

blends where there are associations between the parts, these conventional hazard appraisal 



techniques may prompt an underestimation of poisonousness which could jeopardize 

natural life.  

Right now, our capacity to precisely foresee the ecotoxic eff ect of synthetic concoctions in 

blends is limited by significant difficulties, for example, multi-species contemplations and 

an absence of thought of communications, which block the advancement of better prescient 

models. The tremendous nu 

References 

1 A. Kortenkamp, R. Evans, M. Faust, F. Kalberlah, M. Scholze and U. Schuhmacher-Wolz, 

Supporting Publications 2012, 

2 C. E. Lundholm, Comparative Biochemistry and Physiology Part C: Pharmacology, 

Toxicology and Endocrinology, 1997, 118, 113–128. 

3 S. Ahmed, K. B. Ahsan, M. Kippler, A. Mily, Y. Wagatsuma, A. W.  Hoque,  P.  T.  Ngom,  

S.  El  Arifeen,  R.  Raqib  and  M. Vahter, Toxicol. Sci., 2012, 129, 305–314. 

4 R. Lohmann, K. Breivik, J. Dachs and D. Muir, Environ. Pollut., 2007, 150, 150–165. 

5 N. Cedergreen, PLoS One, 2014, 9, 96580. 

6 B. Daus, H. Weiss and R. Altenburger, Chemosphere, 2010, 78, 307–312. R.  Mateo,  F.  

Hiraldo  and  J.  A.  Don´azar,  Environ.  Pollut., 2009, 157, 569–574.  

10 R. L. Spehar and J. T. Fiandt, Environ. Toxicol. Chem., 1986,5, 917–931. 

11 T.-H. Le, E.-S. Lim, N.-H. Hong, S.-K. Lee, Y. S. Shim,J. R. Hwang, Y.-H. Kim and J. Min, 

Chemosphere, 2013, 93, 2341–2348. 

12 T. Vandenbrouck, A. Soetaert, K. van der Ven, R. Blust andW. De Coen, Aquat. Toxicol., 

2009, 92, 18–29. 

13 M. H. Kraak, D. Lavy, H. Schoon, M. Toussaint, W. H. Peeters and N. M. van Straalen, 

Environ. Toxicol. Chem., 1994, 13, 109–114. 

14 M. Kraak, S. Stuijfzand and W. Admiraal, Bull. Environ. Contam. Toxicol., 1999, 63, 805–

812. 

15 N. Loumbourdis, I. Kostaropoulos, B. Theodoropoulou and D. Kalmanti, Environ. Pollut., 

2007, 145, 787–792. 

16 J. H. Yim, K. W. Kim and S. D. Kim, J. Hazard. Mater., 2006,138, 16–21. 

17 E. Enserink, J. Maas-Diepeveen and C. Van Leeuwen, Water Res., 1991, 25, 679–687. 

18 X. Xu, Y. Li, Y. Wang and Y. Wang, Toxicol. in Vitro, 2011, 25,294–300.J. Chromatogr. A, 

2001, 911, 225–234. 



19 B. Zhu, Z.-F. Wu, J. Li and G.-X. Wang, Ecotoxicol. Environ. Saf., 2011, 74, 2193–2202. 

20 P. R. Palaniappan and S. Karthikeyan, J. Environ. Sci., 2009, 21, 229–236. 

21 C. Vellinger, M. Parant, P. Rousselle and P. Usseglio- Polatera, Ecotoxicology, 2012, 21, 

1817–1827. 

22 C. Vellinger, E. Gismondi, V. Felten, P. Rousselle, K. Mehennaoui, M. Parant and P. 

Usseglio-Polatera, Aquat. Toxicol., 2013, 140, 106–116. 

23 J. Odendaal and A. Reinecke, Arch. Environ. Contam.Toxicol., 2004, 46, 377–384. 

24 H. Qiu, M. G. Vijver and W. J. Peijnenburg, Environ. Toxicol.Chem., 2011, 30, 2084–2093. 

25 H. L. Martin, C. Svendsen, L. J. Lister, J. L. Gomez-Eyles and D. J. Spurgeon, Environ. 

Toxicol. Chem., 2009, 28, 97–104.  

26  D.   Pain,   I.   Carter,   A.   Sainsbury,   R.   Shore,   P. Eden, M.  Taggart,  S.  Konstantinos,  L.  

Walker,  A.  Meharg  andA. Raab, Sci. Total Environ., 2007, 376, 116–127. 

27 G. Heinz and D. Hoffman, Arch. Environ. Contam. Toxicol., 2003, 44, 0257–0264.EN-232, 233, 

http://www.efsa.europa.eu/publications. 

 28 L. Gangoso, P. A´lvarez-Lloret,  A.  A.  Rodr´ıguez-Navarro, 

 29 A. S´anchez-Chardi, C. Pen˜arroja-Matutano, C. A. O. Ribeiro and J. Nadal, Chemosphere, 

2007, 70, 101–109. 

30 D.  Ivankovi´c,  J.  Paviˇci´c,  V.  Beatovi´c,  R.  S.  Klobuˇcar  andG. I. V. Klobuˇcar, 

Environ. Toxicol., 2010, 25, 198–211. 

31 F. Dondero, M. Banni, A. Negri, L. Boatti, A. Dagnino andA. Viarengo, BMC Genomics, 

2011, 12, 195. 

32 V. Maria and M. Bebianno, Comp. Biochem. Physiol., Part C: Toxicol. Pharmacol., 2011, 

154, 56–63. 

33 T. Heberer, Toxicol. Lett., 2002, 131, 5–17.7 K. Lock and C. Janssen, Biol. Fertil. Soils, 

2001, 34, 219–221.  

34 S.O¨llers,   H.   P.   Singer,   P.   F¨assler   and   S.   R.   Mu¨ller,8  F.  Gagn´e,  J.  Auclair,  P.  

Turcotte,  M.  Fournier,  C.  Gagnon, S. Sauve and C. Blaise, Aquat. Toxicol., 2008, 86, 333–340.      

9  K.  E.  Biesinger,  G.  Christensen  and  J.  Fiandt,  Ecotoxicol.Environ. Saf., 1986, 11, 914. 

35 P. H. Roberts and K. V. Thomas, Sci. Total Environ., 2006,356, 143–153. 

36 L.  H.  Santos,  A.  Arau´jo,  A.  Fachini,  A.  Pena,  C.  Delerue- Matos and M. Montenegro, 

J. Hazard. Mater., 2010, 175, 45–95. 

37  K. Ku¨mmerer, J. Environ. Manage., 2009, 90, 2354–2366. 



38 F. Pomati, C. Orlandi, M. Clerici, F. Luciani and E. Zuccato, Toxicol. Sci., 2008, 102, 129–

137. 

39 M. Cleuvers, Ecotoxicol. Environ. Saf., 2004, 59, 309–315. 

40 M. Cleuvers, Toxicol. Lett., 2003, 142, 185–194. 

41 C. M. Flaherty and S. I. Dodson, Chemosphere, 2005, 61, 200–207. 

42 P. Yeh, A. I. Tschumi and R. Kishony, Nat. Genet., 2006, 38, 489–494. 

43 T. Backhaus, M. Scholze and L. Grimme, Aquat. Toxicol., 2000, 49, 49–61. 

44 A. M. Christensen, F. Ingerslev and A. Baun, Environ. Toxicol. Chem., 2006, 25, 2208–2215. 

45 M.   Gonz´alez-Pleiter,   S.   Gonzalo,   I.   Rodea-Palomares, F.    Legan´es,    R.    Rosal,    

K.    Boltes,    E.    Marco    and F. Fern´andez-Pin˜as, Water Res., 2013, 47, 2050–2064. 

46 S. M. Richards, C. J. Wilson, D. J. Johnson, D. M. Castle,M. Lam, S. A. Mabury, P. K. 

Sibley and K. R. Solomon, Environ. Toxicol. Chem., 2004, 23, 1035–1042. 

47 R. A. Brain, D. J. Johnson, S. M. Richards, M. L. Hanson, H. Sanderson, M. W. Lam, C. 

Young, S. A. Mabury, P. K. Sibley and K. R. Solomon, Aquat. Toxicol., 2004, 70, 23–40. 

48 M. Galus, J. Jeyaranjaan, E. Smith, H. Li, C. Metcalfe and    J. Y. Wilson, Aquat. Toxicol., 

2013, 132, 212–222. 

49 R. F. Shore, M. A. Taggart, J. Smits, R. Mateo, N. L. Richards and S. Fryday, Philos. Trans. 

R. Soc., B, 2014, 369, 20130570. 

50 S.  Markman,  C.  T.  Mu¨ller,  D.  Pascoe,  A.  Dawson  and K. L. Buchanan, J. Appl. Ecol., 

2011, 48, 391–397. 

51 T. Blacquiere, G. Smagghe, C. A. Van Gestel and V. Mommaerts, Ecotoxicology, 2012, 21, 

973–992. 

52 W. Zhu, D. R. Schmehl, C. A. Mullin and J. L. Frazier, PLoS One, 2014, 9, 77547. 

53 K. B. Tierney, J. L. Sampson, P. S. Ross, M. A. Sekela and C. J. Kennedy, Environ. Sci. 

Technol., 2008, 42, 4996–5001. 54 J. W. Deneer, Pest Manage. Sci., 2000, 56, 516–520. 

55 J. B. Belden, R. J. Gilliom and M. J. Lydy, Integr. Environ. Assess. Manage., 2007, 3, 364–

372. 

56 B. Gagnaire, M. Gay, A. Huvet, J.-Y. Daniel, D. Saulnier and T. Renault, Aquat. Toxicol., 

2007, 84, 92–102. 

57 B. Anderson, B. Phillips, J. Hunt, K. Siegler, J. Voorhees, K. Smalling, K. Kuivila, M. 

Hamilton, J.  A.  Ranasinghe and R. Tjeerdema, Environ. Monit. Assess., 2014, 186, 1801–1814. 

58 R. A. Relyea, Oecologia, 2009, 159, 363–376. 



59 T. B. Hayes, P. Case, S. Chui, D. Chung, C. Haeff ele, K. Haston, M. Lee, V. P. Mai, Y. 

Marjuoa and J. Parker, Environ. Health Perspect., 2006, 114, 40. 

60 R. A. Relyea, Environ. Toxicol. Chem., 2004, 23, 1737–1742. 

61 A. Coors and T. Frische, Environ. Sci. Eur., 2011, 23, 1–18. 

62 C. A. Laetz, D. H. Baldwin, T. K. Collier, V. Hebert, J. D. Stark and N. L. Scholz, Environ. 

Health Perspect., 2009, 117, 348– 353. 

63 J. J. Rasmussen, P. Wiberg-Larsen, A. Baattrup-Pedersen, N. Cedergreen, U. S. McKnight, J. 

Kreuger, D. Jacobsen, E. A. Kristensen and N. Friberg, Water Res., 2015, 84, 25–32. 64 C. I. Bliss, 

Ann. Appl. Biol., 1939, 26, 585–615. 

65 R. Plackett and P. Hewlett, Ann. Appl. Biol., 1948, 35, 347– 358. 

66 R. Plackett and P. Hewlett, J. Roy. Stat. Soc. B, 1952, 14, 141–163. 

67 C. H. Walker, R. M. Sibly, S. P. Hopkin and D. B. Pakall, Principals of Ecotoxicology, CRC 

Press, Florida, USA, 2012. 68 B. I. Escher and J. L. Hermens, Environ. Sci. Technol., 2002,36, 

4201–4217. 

69 T. Backhaus, M. Faust and A. Kortenkamp, Integr. Environ.Assess. Manage., 2013, 9, 547–

548. 

70 F. Massart, J. C. Harrell, G. Federico and G. Saggese,J. Perinatol., 2005, 25, 282–288. 

71 P.  Silva,  M.  J.  Rocha,  C.  Cruzeiro,  F.  Malh˜ao,  B.  Reis,R. Urbatzka, R. A. Monteiro 

and E. Rocha, Aquat. Toxicol., 2012, 124, 1–10.  

72 J. V. Brian, C. A. Harris, M. Scholze, T. Backhaus, P. Booy,M. Lamoree, G. Pojana, N. 

Jonkers, T. Runnalls and A. Bonf`a, Environ. Health Perspect., 2005, 113, 721. 

73 F. S. Vom Saal, B. G. Timms, M. M. Montano, P. Palanza,K. A. Thayer, S. C. Nagel, M. D. 

Dhar, V. Ganjam, S. Parmigiani and W.  V.  Welshons,  Proc.  Natl.  Acad.  Sci.  U. S. A., 1997, 94, 

2056–2061. 

74 N. Rajapakse, E. Silva and A. Kortenkamp, Environ. Health Perspect., 2002, 110, 917. 

75 N. Cedergreen, A. M. Christensen, A. Kamper, P. Kudsk,S. K. Mathiassen, J. C. Streibig and 

H. Sørensen, Environ. Toxicol. Chem., 2008, 27, 1621–1632. 

76 A. Kortenkamp, T. Backhaus and M. Faust, European Commission Report, 2009. 

77 T.  Backhaus,  A˚.  Arrhenius  and  H.  Blanck,  Environ.  Sci.Technol., 2004, 38, 6363–6370. 

78 T. Backhaus, R. Altenburger, W. Boedeker, M. Faust,M. Scholze and L. H. Grimme, 

Environ. Toxicol. Chem., 2000, 19, 2348–2356. 

79 F. Liu, Ecotoxicol. Environ. Saf., 2011, 74, 1600–1606. 



80 M. Faust, R. Altenburger, T. Backhaus, H. Blanck, W.   Boedeker,   P.   Gramatica,   V.   

Hamer,   M.   Scholze, M. Vighi and L. Grimme, Aquat. Toxicol., 2003, 63, 43–63. 81 S. Ermler, M. 

Scholze and A. Kortenkamp, Arch. Toxicol.,2013, 88, 1–16. 

82 V.  P.  Utgikar,  N.  Chaudhary,  A.  Koeniger,  H.  H. Tabak,J. R. Haines and R. Govind, Water 

Res., 2004, 38, 3651–3658. 83 S.  Chaperon  and  S.  Sauve,  Soil  Biol.  Biochem.,  2007,  39,2329–

2338. 

84 K. Wah Chu and K. L. Chow, Aquat. Toxicol., 2002, 61, 53–64. 

85 D. Paul, in Methods for the Discovery and Characterization of G Protein-Coupled Receptors,  

Springer,  New  York,  2011,  pp. 305–319. 

86 R. Altenburger, T. Backhaus, W. Boedeker, M. Faust andM. Scholze, Environ. Toxicol. 

Chem., 2013, 32, 1685–1687. 87 R. L. Metcalf, Annu. Rev. Entomol., 1967, 12, 229–256. 

88 P. Dalvi, T. Wilder-

2002, 74, 85–90. 

89 R. R. Dalvi, A. L. Hunter and R. A. Neal, Chem.-Biol. Interact.,1975, 10, 349–361. 

90 P. S. Dalvi, R. R. Dalvi and L. H. Billups, Toxicol. Int., 2013,20, 132. 

91 R. Josse, A. Sharanek, C. C. Savary and A. Guillouzo, Chem.- Biol. Interact., 2014, 209,68–

76. 

92 A. F. Hern´andez, T. Parr´on, A. M. Tsatsakis, M. Requena,R.  Alarc´on  and  O.  L´opez-

Guarnido,  Toxicology,  2013,  307, 136–145. 

93 R. C. James, S. M. Roberts and P. L. Williams, in Principles of Toxicology: Environmental 

and Industrial Applications, John Wiley and Sons Inc., New York, 2000, pp. 3–4. 

94 J.  L.  Luque-Garcia,  P.  Cabezas-Sanchez,  D.  S.  Anunciaç˜ao and C. Camara, Anal. Chim. 

Acta, 2013, 801, 1–13. 

95 E. G. Sørmo, T. M. Ciesielski, I. B. Øverjordet, S. Lierhagen,G. S. Eggen, T. Berg and B. M. 

Jenssen, Environ.  Sci. Technol., 2011, 45, 6561–6566. 

96 F. Dang and W.-X. Wang, Environ. Sci. Technol., 2011, 45, 3116–3122. 

97 P. F. Landrum, P. M. Chapman, J. Neff  and D. S. Page, Integr. Environ. Assess. Manage., 

2012, 8, 217–230. 

98 S. Antunes, R. Pereira and F. Gonçalves, Arch. Environ.Contam. Toxicol., 2007, 53, 207–

213. 

99 J.  P.  Groten,  V.  J.  Feron  and  J.  Su¨hnel,  Trends  Pharmacol.Sci., 2001, 22, 316–322. 

100 A. Boobis, R. Budinsky, S. Collie, K. Croon, M. Embry,S. Felter, R. Hertzberg, D. Kopp, G. 

Mihlan andM. Mumtaz, Crit. Rev. Toxicol., 2011, 41, 369–383. 



101 A. Kortenkamp and M. Faust, Int. J. Androl., 2010, 33, 463–474. 

102 K. Sexton and D. Hattis, Environ. Health Perspect., 2007, 115,825–832. 

103 L. K. Teuschler, Toxicol. Appl. Pharmacol., 2007, 223, 139–147. 

104 A. Ginebreda, M. Kuzmanovic, H. Guasch, M. L. de Alda,J.  C.  L´opez-Doval,  I.  Mun˜oz,  

M.  Ricart,  A.  M.  Roman´ı,S.  Sabater  and  D.  Barcel´o,  Sci.  Total  Environ.,  2014,  468, 715–

723. 

105 J.    C.    L´opez-Doval,    N.    De    Castro-Catal`a,    I.    Andr´es- Dom´enech,  J.  Blasco,  

A.  Ginebreda  and  I.  Mun˜oz,  Sci. Total Environ., 2012, 440, 194–203. 

106 T. Backhaus and M. Faust, Environ. Sci. Technol., 2012, 46, 2564–2573. 

107 M. G. Barron, R. Heintz and S. D. Rice, Mar. Environ. Res., 2004, 58, 95–100. 

108 R. A. Budinsky, D. Paustenbach, D. Fontaine,B. Landenberger and T. B. Starr, Toxicol. Sci., 

2006, 91, 275–285. 

109 T. Simon, J. K. Britt and R. C. James, Regul. Toxicol.Pharmacol., 2007, 48, 148–170. 

110 M. Van den Berg, L. S. Birnbaum, M. Denison, M. De Vito,W.   Farland,   M.   Feeley,   H.   

Fiedler,   H.  Hakansson,A. Hanberg and L. Haws, Toxicol. Sci., 2006, 93, 223–241.   

111 S.  P.  Bhavsar,  E.  J.  Reiner,  A.  Hayton,  R.  Fletcher  andK. MacPherson, Environ. Int., 

2008, 34, 915–921. 

112 M. Van den Berg, L. Birnbaum, A. Bosveld, B. Brunstr¨om,P. Cook, M. Feeley, J. P. Giesy, 

A. Hanberg, R. Hasegawa    and S. W. Kennedy, Environ. Health Perspect., 1998,  106, 775. 

113 S. H. Safe, Environ. Health Perspect., 1998, 106, 1051. 

114 L. C. Haws, S. H. Su, M. Harris, M. J. DeVito, N. J. Walker,W. H. Farland, B. Finley and L. 

S. Birnbaum, Toxicol. Sci., 2006, 89, 4–30. 

115 J. Hamm, C.-Y. Chen and L. Birnbaum, Toxicol. Sci., 2003,74, 182–191. 

116 N.   J.   Walker,   P.   W.   Crockett,   A.   Nyska,   A.   E.   Brix,M.  P.  Jokinen,  D.  M.  

Sells,  J.  R.  Hailey,  M. Easterling,J. K. Haseman and M. Yin, Environ. Health Perspect., 2005, 

113, 43–48. 

117 A.  Ginebreda,  I.  Mun˜oz,  M.  L.  de  Alda,  R.  Brix,  J.  L´opez- Doval and D. Barcel´o, 

Environ. Int., 2010, 36, 153–162. 

118 Z. Yan, X. Yang, G. Lu, J. Liu, Z. Xie and D. Wu, Sci. Total Environ., 2014, 470, 171–179. 

119 M. J. Garc´ıa-Gal´an, M. S. D´ıaz-Cruz and D. Barcel´o, Environ.Int., 2011, 37, 462–473. 



120 J. Cristale, A. Katsoyiannis, A. J. Sweetman, K. C. Jones andS. Lacorte, Environ. Pollut., 

2013, 179, 194–200. 

121 USEPA (U.S. Environmental Protection Agency), Guidelines for Health Risk Assessment of 

Chemical Mixtures, Fed. Regist., 1986, vol. 51, pp. 34014–34025. 

122 D. A. Sarigiannis and U. Hansen, Environ. Health, 2012, 11, S18. 

123 H. Sanderson, D. J. Johnson, T. Reitsma, R. A. Brain,C. J. Wilson and  K.  R.  Solomon,  

Regul.  Toxicol. Pharmacol., 2004, 39, 158–183. 

124 J. Beyer, K. Petersen, Y. Song, A. Ruus, M. Grung, T. Bakke and K. E. Tollefsen, Mar. 

Environ. Res., 2014, 96, 81–91. 

125 M. G. Vijver, E. G. Elliott, W. J. Peijnenburg and G. R. De Snoo, Environ. Toxicol. Chem., 

2011, 30, 1482–1487. 

126 C. A. Laetz, D. H. Baldwin, V. R. Hebert, J. D. Stark andN. L. Scholz, Aquat. Toxicol., 2014, 

146, 38–44. 

127 M. Mumtaz and P. Durkin, Toxicol. Ind. Health, 1991, 8, 377–406. 

128 M. Mumtaz, I. Sipes, H. Clewell and R. Yang, Fundam. Appl.Toxicol., 1993, 21, 258–269. 

129 V. J. Feron, P. W. van Vliet and W. R. Notten, Environ.Toxicol. Pharmacol., 2004, 18, 215–

222. 

130 R. C. Hertzberg and M. M. MacDonell, Science of the Total Environment, 2002, 288, 31–42. 

131 K. Krishnan, S. Haddad, M. B´eliveau and R. Tardif, Environ.Health Perspect., 2002, 110, 

989. 

132 S. Haddad, R. Tardif, G. Charest-Tardif and K. Krishnan,Toxicol. Appl. Pharmacol., 1999, 

161, 249–257. 

133 S. Haddad, G. Charest-Tardif, R. Tardif and K. Krishnan,Toxicol. Appl. Pharmacol., 2000, 

167, 199–209. 

134 S. Haddad, M. B´eliveau, R. Tardif and K. Krishnan, Toxicol.Sci., 2001, 63, 125–131. 

135 B. I. Escher, R. Ashauer, S. Dyer, J. L. Hermens, J. H. Lee,H.  A.  Leslie,  P.  Mayer,  J.  P.  

Meador  and  M.  S. Warne,Integr. Environ. Assess. Manage., 2011, 7, 28–49. 

136 X. Jin, J. Zha, Y. Xu, Z. Wang and S. S. Kumaran,Chemosphere, 2011, 84, 1506–1511. 

137 E. C. Agency, Guidance on Information Requirements and Chemical Safety Assessment, 

2008. 

138 S. Dyer, S. J. Warne, J. S. Meyer, H. A. Leslie and B. I. Escher,Integr. Environ. Assess. 

Manage., 2011, 7, 99–115. 



139 L. Posthuma and D. De Zwart, Environ.  Toxicol.  Chem.,  2006, 25, 1094–1105. 

140 D. de Zwart and L. Posthuma, Environ. Toxicol. Chem., 2005,24, 2665–2676. 

141 V. J. Kramer, M. A. Etterson, M. Hecker, C. A. Murphy,G. Roesijadi, D. J. Spade, J. A. 

Spromberg, M. Wang and G. T. Ankley, Environ. Toxicol. Chem., 2011, 30, 64–76. 

142 M. P. Dent, P. L. Carmichael, K. C. Jones and F. L. Martin,Environ. Int., 2015, 83, 94–106. 

143 V. J. Feron, J. P. Groten and P. J. van Bladeren, Arch. Toxicol.,1998, 20, 363–373. 

144 V. Feron and J. Groten, Food Chem. Toxicol., 2002, 40, 825–839. 

 145 B. L. Johnson and C. T. DeRosa, Toxicology, 1995, 105, 145–156. 

146 J. Kim, S. Kim and G. E. Schaumann, Rev. Environ. Sci. Bio/ Technol., 2013, 12, 235–256. 

147 R. S. DeWoskin and C. M. Thompson, Regul. Toxicol.Pharmacol., 2008, 51, 66–86. 

148 M. Breitholtz, C. Rud´en, S. Ove Hansson and B.-E. 

Bengtsson, Ecotoxicol. Environ. Saf., 2006, 63, 324–335. 

149 A. Buikema, D. Lee and J. Cairns, J. Test. Eval., 1976, 4, 119–126. 

150 H. Koshikawa, K. Xu, Z. Liu, K. Kohata, M. Kawachi,H. Maki, M. Zhu and M. Watanabe, 

Estuarine,  Coastal  Shelf Sci., 2007, 71, 68–80. 

151 T. Gouin and T. Harner, Environ. Int., 2003, 29, 717–724. 152  J.  B.  Carbajo,  J.  A.  

Perdig´on-Mel´on,  A.  L.  Petre,  R.  Rosal,P. Let´on and E. Garc´ıa-Calvo, Water Res., 2015, 72, 

174–185. 153 K. Sriram, G. X. Lin, A. M. Jeff erson, S. Stone, A. Afshari,M. J. Keane, W. 

McKinney, M. Jackson, B. T. Chen andD. Schwegler-Berry, Toxicology, 2015, 328, 168–178. 

154  K.   V¨a¨an¨anen,   T.   Kauppila,   J.   M¨akinen,   M.   Lepp¨anen,M.  Lyytik¨ainen  and  J.  

Akkanen,  Integr.  Environ.  Assess. Manage., 2016, DOI: 10.1002/ieam.1751. 

 155 Y. Gao, J. Feng, F. Han and L. Zhu, Environ. Pollut., 2016,213, 16–29. 

156 I.   W.   Jarvis,   C.   Bergvall,   M.   Bottai,   R. Westerholm,U.  Stenius  and  K.  Dreij,  

Toxicol.  Appl.  Pharmacol.,  2013,266, 408–418. 

157 N. Mishra, G. A. Ayoko, T. Salthammer and L. Morawska,Environ. Sci. Pollut. Res., 2015, 

22, 15080–15088. 

158 J. Chang, B. Yan, M. Chang, S. Tseng, Y. Kao, J. Chen and    C. Lee, Environ. Pollut., 2014, 

189, 77–84. 

159 B. H. Jensen, A. Petersen, E. Nielsen, T. Christensen,M. E. Poulsen and J. H. Andersen, Food 

Chem. Toxicol., 2015, 83, 300–307. 

160 C. Marx, V. Mu¨hlbauer, P. Krebs and V. Kuehn, Sci. Total Environ., 2015, 524, 269–279. 



161 Z. Niu, X. Zang and Y. Zhang, J. Hazard. Mater., 2015, 285, 190–198. 

162 M. N. Jasper, S. A. Martin, W. M. Oshiro, J. Ford,P. J. Bushnell and H. El-Masri, Environ. 

Sci. Technol., 2016, 50, 3231–3238. 

163 G. de Sousa, A. Nawaz, J.-P. Cravedi and R. Rahmani,Toxicol. Sci., 2014, 141, 234–243. 

 

 

 

 

 

This work is partly submitted at 19
th

 international conference on Global Toxicology and Risk 

Assessment in Madrid Spain during November 05-06-2020. 

 

_________________________________________________________________________________ 

Esther Pembele Wumba 

Cyprus international University Nicosia, Mersin, Haspolat  

Email id: mbondaloningisadrc@gmail.com 

 

_________________________________________________________________________________ 

19
th

 international conference on Global Toxicology and Risk Assessment 

Volume 9 . Issue 1 

November 05-06-2020 

 

mailto:%20mbondaloningisadrc@gmail.com
file:///C:/Users/sindhu/Desktop/Sai%20Nikhita/61126-conference-editorials.doc

