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Note by the secretariat
The secretariat has the honour to circulate, for the information of participants, draft information designed to guide the Hazardous Substances Advisory Committee of the United Kingdom of Great Britain and Northern Ireland in the event that it is asked to make a preliminary assessment on whether a human pharmaceutical is a pharmaceutical of environmental concern (see annex). The Hazardous Substances Advisory Committee is an independent expert scientific committee that provides advice to the Government of the United Kingdom on how to protect the environment, and human health through the environment, from potentially hazardous substances and articles, including nanomaterials. Further information can be found at www.gov.uk/government/policy-advisory-groups/hazardous-substances-advisory-committee. The document is reproduced as received by the secretariat, without formal editing.
Annex

How would HSAC characterize a pharmaceutical of concern regarding hazards in the environment?



Scope

This document is designed to guide the Hazardous Substances Advisory Committee (HSAC) if they are asked to make a preliminary assessment on whether a human pharmaceutical is or is not a ‘pharmaceutical of concern’ (PoC) in the environment. Veterinary medicines are not within the scope of this document nor is antimicrobial resistance (HSAC recognises that this issue is being considered by a number of other organisations). Individual pharmaceuticals rather than mixtures are addressed in this approach, although it is recognised that pharmaceuticals will exist in the environment in complex mixtures. The document is focussed primarily on the UK but it is accepted that data from other countries will be of use. The scope of this paper is primarily on rivers because that is where the vast majority of pharmaceuticals given to patients will ultimately end up. 

This document is consistent with the principles of the HSAC paper “Considering Evidence: the approach taken by the Hazardous Substances Advisory Committee in the UK”. Use of human pharmaceuticals will undoubtedly change with time and therefore an assessment performed now may not be applicable in the future. HSAC will revisit this document as required.



Introduction

There are about 3000 different human pharmaceuticals in use around the world, with between 1500 and 2000 of these being licenced for use in any one country. Relative to many industrial chemicals, the amounts used are small, nevertheless more than a ton consumed per year of an individual pharmaceutical would not be exceptional; a few are used at over a hundred tonnes per year. However, all pharmaceuticals possess biological activity, and some are extremely potent. Because people usually excrete a proportion of the parent, active molecule – the possibility exists that pharmaceuticals could enter the aquatic environment if they are not completely removed in wastewater treatment.  In fact, several hundred different human pharmaceuticals have been detected in sewage treatment works effluents and rivers in many countries. Concentrations in rivers are low: a few ng/L is typical, with many pharmaceuticals probably being present at even lower concentrations than are currently possible to measure. Nevertheless, all aquatic organisms living in rivers will be exposed to a highly complex mixture of pharmaceuticals. 

Much research is underway to determine whether or not any pharmaceuticals present in the environment pose a risk to the biota present in that environment. Regular claims are made in the scientific literature that pharmaceutical X is having adverse effects on some species or other at ‘environmentally-relevant’ concentrations. A very recent example would be the following paper: Niemuth, N.J. and Klapper, R.D. 2015. Emerging wastewater contaminant metformin causes intersex and reduced fecundity in fish. Chemosphere 135, 38-45. (Metformin is a very widely-prescribed anti-diabetic drug)

If HSAC was asked its opinion on whether or not it considered a pharmaceutical such as metformin to be of environmental concern, how would it go about answering that question? This brief paper suggests a procedure for doing so: the procedure involves taking a series of discrete, logical steps. The individual steps are presented below, followed by consideration of how HSAC applies them in forming an opinion. 



Step 1: Assessing the existing literature to provide a first indication of the possible degree of concern

In this step, information from the scientific literature is collected and assessed (if available) on both the concentrations of the pharmaceutical in rivers and the concentrations reported to cause effects on aquatic species. No filtering of the literature is done at this stage, in order to achieve as unbiased an analysis as possible. Thus, the reported concentrations can come from any river, but preferably from within the UK.  As an alternative or in combination with river measurements, data from consumption/wastewater discharge can be used to model the concentrations across Britain’s rivers 
 ADDIN EN.CITE 

(Williams et al., 2009)
.  The collection of effects data can cover any effect, at any level of organisation, on any organism. Most, and possibly all, of that effect data are likely to come from laboratory studies. The median environmental (river) concentration and the median effect concentration are determined from all of the individual data points. The smaller the difference between the two median values, the greater the degree of concern. An example of this approach is provided in figure 1; it is taken from Donnachie et al., 2015.
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Figure 1: Comparison of the effect concentrations (left-hand column of each pair) and river concentrations (right-hand column) of two human pharmaceuticals: the synthetic oestrogen ethinyl oestradiol (EE2) and the beta-blocker metoprolol. The median values are plotted as black circles. 

Note that the two median values for EE2 are only about 10-fold apart, and that there is some overlap between the river concentrations and the effect concentrations: this suggests a potential concern. In contrast, the data for metoprolol would suggest that river concentrations are orders of magnitude below any likely effect concentration.

Completing this initial step is, of course, possible only if appropriate data are available in the literature. Currently this is the case for only about 30 (of the 3000) pharmaceuticals in everyday use, albeit those 30 are considered likely to include some of those of most concern. For all other pharmaceuticals, we suggest starting at Step 2.



Step 2: The read-across approach

The read-across hypothesis states that pharmaceuticals will have effects on non-target species (e.g. fish) if plasma concentrations in those species reach human therapeutic concentrations. Further, the hypothesis states that the effects will be essentially the same in the non-target species as they are in humans; this assumption is based on the high degree of conservation of drug targets throughout the vertebrates at least. Simple models can be used to predict what plasma concentration in fish would likely be reached at any particular river concentration. These models seem to be quite accurate (see, for example, Margiotta-Casaluci et al., 2015). The models can also be used in reverse, to predict what river concentration of a pharmaceutical would be required to produce a plasma concentration in fish likely to cause effects.

Currently the read-across approach is only applicable to potential effects on aquatic vertebrates. Although the hypothesis is now well established for fish more research is required to know if a similar approach could be utilized to predict effects (or support those reported) on invertebrates, or even algae.  As with step 1, an attraction of this approach is that it allows relative assessments of pharmaceuticals and limits bias. Another attraction is that it can be applied to any pharmaceutical, and it is relatively quick and easy to do.



Step 3: Assess the concern of a pharmaceutical based upon a range of factors

These factors should, as a minimum, cover the amount of the pharmaceutical used, its mode of action, metabolism in patients, degree of degradation in the environment, and degree of uptake into biota. The objective would be to make an informed judgement on whether or not the pharmaceutical was likely to be present and persistant in the aquatic environment in an active form, as parent molecule or transformation product (Liu & William, 2007); whether or not it was likely to be taken up by, and bioconcentrate in, biota, and if so in what groups; and whether or not the concentration in the biota would be high enough to cause an effect, and if so, how adverse that effect would be. The purpose of this step is to refine the environmental risk assessment.

The factors that could be considered in this intelligent approach are outlined in Table 1. It would be possible to employ a points system, with the most important factors being given more points than the factors considered less important.

In theory, Step 3 is applicable to just about any pharmaceutical, old as well as those newly on the market, and for which little, if any, environmental occurrence or effects data exist. Based on the factors indicated in Table 1, it should be possible to quickly make a preliminary judgement on whether or not a pharmaceutical lacking much environmental data could conceivably present a hazard to the environment. Step 3 can be refined to give greater confidence in the conclusion reached by utilizing the read-across approach (as described in Step 2).

Table 1: Data requirements of the principal methods

	Number
	Data requirement
	Step 1

Concentration proximity approach
	Step 2

Read across approach
	Step 3*

Intelligent approach

	1
	Drug consumption data 
	Usable
	Not needed if 5 and 6 exist
	Desirable

	2
	LogD for drug
	Not needed
	Vital
	Desirable

	3
	Human plasma therapeutic dose
	Not needed
	Vital
	Not needed

	4
	% excreted by patient
	Usable
	Not needed if 5 and 6 exist
	Desirable

	5
	% removed in sewage treatment
	Usable
	Not needed if 5 and 6 exist
	Desirable

	6
	Measured sewage effluent concentrations
	Usable
	Usable
	Usable

	7
	Measured river water concentrations
	Vital if no modelled data
	Usable
	Step assumes these measurements  don’t exist

	8
	Modelled river water concentrations
	Vital if no measured data
	Vital
	Helpful

	9
	River water removal rate
	Not needed
	Not needed
	Desirable

	10
	Knowledge of mode of action
	Not needed
	Not needed
	Desirable

	11
	Predicted fish internal concentration
	Not needed
	Would be an outcome of the model
	Desirable

	12
	Predicted algae and invertebrate internal concentration
	Not needed
	Not needed
	Desirable

	13
	Knowledge of presence/absence of receptors in different biota
	Not needed
	Not needed
	Desirable

	14
	Calculated bioconcentration factor
	Not needed
	Outcome of the model
	Desirable

	15
	Ecotoxicity data for aquatic biota
	Vital
	Not needed
	Step assumes this data does not exist


* Note: It would be possible to apply a points system to these indicators to arrive at threshold values indicating levels of concern



Step 4:  Assessing difficult cases with the use of expert opinion

There are likely to be certain pharmaceuticals, and certain effects, that cannot adequately be assessed using the steps summarized above. One example is the possibility that antibiotics present in the environment could lead to the development of antibiotic resistance in microbes (particularly viruses and bacteria) in those environments, and that the genes conferring that resistance could transfer to human pathogens. Another might be the nano-pharmaceuticals now being increasingly utilised: assessing the environmental impact of these with any confidence is currently very difficult.

There may be occasions where an assessment is required where both information and time are very limited.  This is where ‘expert judgement’ may have to be used based on prior knowledge from other similar compounds.  However, this should not be overplayed as our knowledge is still limited.  We should take particular interest in pharmaceuticals which are known to be hormonal agonists or antagonists.  By their very nature hormones can stimulate a whole cascade of effects at very low concentrations.  Antibiotics are designed to inhibit prokaryotes and so effects on cyanobacteria in the environment would be a potential impact.

Situations such as these will have to be dealt with on a case-by-case basis. It is possible that the conclusion could be that until further evidence becomes available, the degree of concern cannot be determined.



HSAC use of the Steps approach

The steps summarised in Table 2 broadly represent a hierarchy of  i) scientific (and other) evidence supporting HSAC’s opinion and ii) varying level of confidence due to the quality of evidence available at each of the individual steps of the procedure which will be reported when HSAC delivers its opinion. Figure 2 indicates the workflow that HSAC will adopt when providing an opinion on a provisional PoC.

Table 2: Overview of the HSAC approach for PoCs

	Approach
	Outcome

	STEP 1 (Concentration proximity approach)
	Based on knowledge of water concentrations and ecotox effect concentration. Allows pharmaceuticals to be judged against each other and also against other chemicals.  In theory unbiased and repeatable.

	STEP 2 (Read across approach)
	Based on assumption that pharmaceutical plasma concentration in fish is key to whether effects will happen in the environment.  Results can be judged against other drugs.  In theory unbiased and repeatable.

	STEP 3 (Intelligent approach)
	Takes all available drug property, fate and biological data to review its potential hazard.

	STEP 4 (Expert opinion approach)
	Of possible value if prior knowledge on the type of drug and its class are known.
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Figure 2: Workflow of HSAC approach 



Note on the terrestrial environment
The strategy described above is focussed on the aquatic environment which is the one most likely to be adversely affected by human pharmaceuticals. Contamination of the terrestrial environment by human pharmaceuticals could occur when sludge from wastewater treatment works is applied to land. Extremely little is known about this route of exposure, and hence any quantification of the potential hazard is not possible presently. But it is possible to make some general points: firstly, sludge applications are not uniform across the land or even agricultural land and their use in food crops is restricted; secondly, the opportunity for sorption and biodegradation is much higher than in rivers; thirdly, the organisms most directly exposed are not vertebrates, so many of the drug target sites probably won’t exist.  This situation is different for veterinary pharmaceuticals, where considerably more is known about their potential effects on the terrestrial environment.
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Effect & Observed Data 

								FLX				Fluoxetine environment						DCF		7750		Diclofenac environment						ATN				Atenolol environment						PRO				Propranolol environment						SMX				Sulfamethoxzole environment						CBZ				Carbamazepine environment						IBF				Ibuprofen environment						OFX				Ofloxacin environment						NPX				Naproxen environment						PAR				Paracetamol environment						EE2				EE2 environment						MET				Metoprolol environment						Diazepam				Diazepam environment						Citalopram				Citalopram environment						Atorvastatin				Atorvastatin environment						ASP		97400				0.0024150943

						510000.0		510		3		0.022810		4				566271		11		0.085950413		12				1335000		15				16				>869		5		0.0462809917		6		*		781000		19		0.00959		20				1-200		13		0.199		14				1194361		9		0.1090909091		10				126		0		0.0185123967		0				1031565		17		0.053		18				5307120		7		0.968		8				840		1		0.0004628099		2		*		1,369,620		21		0.007		22		*		10,000,000										3,900										2400										4972344.24		23		0.002		24

						234000.0		234		3		0.019335		4				224300		11		0.072854641		12				1,331,700		15				16				>464		5		0.0392294221		6		*		750000		19		0.00813		20				590,000		13		0.186		14				360000		9		0.092469352		10				13,590		0		0.0156917688		0				625,500		17		0.053		18				1,512,000		7		0.706		8				105		1		0.0003922942		2				1,369,620		21		0.0075		22				14,095										20,000										1500										1800000		23		0.005		24

						6400000.0		6400		3		0.007886		4				185690		11		0.029714286		12				1,331,700		15				16				2697552		5		0.016		6				742000		19		0.0033142857		20				590,000		13		0.184		14				315000		9		0.0377142857		10				1130		0		0.0064		0				584860		17		0.044		18				1,512,000		7		0.642		8				5700		1		0.0001652893		2				1,369,620		21		0.0075		22				4,271										4,900										19										1800000		23		0.004		24

						820000.0		820		3		0.007603		4				148000		11		0.027733333		12				1,331,700		15				16				482446.8		5		0.0149333333		6				562500		19		0.00309		20				590,000		13		0.181		14				300000		9		0.0352		10		*		100,000		0		0.0059733333		0				343087		17		0.043		18				1,512,000		7		0.615		8				0.004		1		0.00016		2				438,000		21		0.0150413223		22				11,959										1,600										217										1468282.81		23		0.009		24

						705000.0		705		3		0.007360		4				85577		11		0.013866667		12				1304000		15				16				184398		5		0.0074666667		6				276100		19		0.0026446281		20		*		282,324		13		0.157		14				247536		9		0.0176		10		*		90,000		0		0.0033057851		0				320,000		17		0.03		18				920000		7		0.357		8				0.1		1		0.0001493333		2				320,000		21		0.0185123967		22				12,200										4,000										217										1293050		23		0.004		24

						212000.0		212		3		0.006445		4				77306		11		0.007849057		12		*		620000		15				16				184000		5		0.0042264151		6				205200		19		0.00224		20				282,324		13		0.151		14				173000		9		0.0099622642		10				10		0		0.0029866667		0				174,000		17		0.023		18				900000		7		0.345		8				1300		1		0.0001401051		2				200,000		21		0.0156917688		22				12,700										800										3055										900000		23		0.004		24

						198000.0		198		3		0.003680		4				72000		11		0.007849057		12		*		313000		15				16				117499		5		0.0042264151		6		*		189200		19		0.00155		20				201,538		13		0.137		14				172038		9		0.0099622642		10		*		10,000		0		0.0028021016		0				166,300		17		0.012		18				650000		7		0.343		8				1100		1		0.0000746667		2		*		144,000		21		0.0152066116		22				16,500																				67										900000		23		0.004		24

								216		3		0.002629		4				71900		11		0.007172414		12		*		300000		15				16				114000		5		0.003862069		6		*		177600		19		0.00091		20				196,577		13		0.125		14				142000		9		0.0091034483		10				76,580		0		0.001690566		0				110,000		17		0.012		18				577584		7		0.312		8				0.0009		1		0.0000571429		2				130,000		21		0.0128896673		22				103,080																				200										720000		23		0.004		24

								1405		3		0.002453		4				71900		11		0.002929577		12				200000		15				16				113000		5		0.0015774648		6		*		177300		19		0.00088		20				164,916		13		0.119		14				132600		9		0.0037183099		10				31,750		0		0.001690566		0				110000		17		0.01		18				567500		7		0.305		8				0.1		1		0.0000533333		2				120,000		21		0.0115702479		22				7,040																				67										647310		23		0.006		24

								5500		3		0.002083		4				68000		11		0.000872117		12				134000		15				16				81000		5		0.0004696017		6		*		155100		19		0.00088		20				153800		13		0.1		14				108000		9		0.0011069182		10				26,700		0		0.0015448276		0		*		84,090		17		0.005		18		*		549700		7		0.299		8				0.01		1		0.0000422642		2		*		100,000		21		0.0098073555		22		*		10,000,000																				67										409000		23		0.004		24

								1300		3		0.002083		4				68000		11		0.231404959		12				78000		15				16				61000		5		0.0892561983		6		*		123100		19		0.00085		20		*		140000		13		0.079		14				102700		9		0.8198347107		10				17,410		0		0.0011428571		0				68,000		17		0.003		18		*		378000		7		0.216		8				0.1		1		0.0000422642		2				76,200		21		0.0064		22				103,361																				45696										402550		23		0.003		24

								200		3		0.001903		4				40000		11		0.196147110		12				50000		15				16				46736		5		0.0756567426		6				110000		19		0.00080		20				138600		13		0.019		14				100000		9		0.6949211909		10				29880		0		0.0010666667		0				66,370		17		0.002		18		*		354000		7		0.118		8				0.001		1		0.0000386207		2				63,900		21		0.0059733333		22				125,286																				43629										381933.688		23		0.003		24

								27		3		0.0017		4				39900		11		0.080000000		12		*		33400		15				16				42004		5		0.0308571429		6				100000		19		0.0004266667		20				138600		13		0.011		14				100000		9		0.2834285714		10		*		1,000,000		0		0.000661157		0				62,480		17		0.001		18				331128		7		0.077		8				0.01		1		0.0000266667		2				58,300		21		0.0052571429		22				171,983																				168709										342410		23		0.026446281		24

								24		3		0.0014		4				29600		11		0.074666667		12		*		32000		15				16				29800		5		0.0288		6				100000		19		0.0003267606		20				117,190		13		0.01		14				89000		9		0.2645333333		10		*		10,000		0		0.0006309859		0				59,440		17		0.001		18				160000		7		0.001		8				0.001		1		0.0000157746		2				45,300		21		0.0049066667		22				4271																				214										186000		23		0.0224168126		24

								45		3		0.001227		4				25000		11		0.037333333		12				10000		15		0.314		16				24300		5		0.0144		6				100000		19		0.00024		20				112228		13		0.001		14				72600		9		0.1322666667		10				12,100		0		0.0005604203		0				54,640		17		0.1190082645		18				160000		7		3.6905785124		8				0.003		1		0.0000150943		2				40,000		21		0.004		22				658888																														186000		23		0.0091428571		24

								39		3		0.000777		4				22704		11		0.021132075		12				10000		15		0.281		16				22047		5		0.0081509434		6				100000		19		0.00024		20				111000		13		0.001		14				66000		9		0.0748679245		10				4,740		0		0.0005333333		0				52,000		17		0.1008756567		18				134000		7		3.1282661996		8				0.001		1		0.0000150943		2				32000		21		0.0037333333		22				10000																														186000		23		0.0085333333		24

								91		3		0.000694		4				22700		11		0.021132075		12				10000		15		0.203		16				21200		5		0.0081509434		6				100000		19		0.00022		20				110,929		13		0.7709090909		14				51400		9		0.0748679245		10				2500		0		0.0003018868		0				45,950		17		0.0892561983		18				112000		7		1.9976859504		8				0.003		1		0.0000137931		2				31000		21		0.0029866667		22				10000																														177995.5112		23		0.0079338843		24

								213		3		0.000694		4				22430		11		0.019310345		12				10000		15		0.17		16				20883		5		0.0074482759		6				100000		19		0.00010		20		*		100,000		13		0.6534500876		14				34100		9		0.0684137931		10				1440		0		0.0003018868		0				43,640		17		0.0756567426		18				63800		7		1.6933099825		8				0.001		1		0.0000056338		2				22,800		21		0.0024533333		22				0.237																														177000		23		0.0067250438		24

								4339		3		0.000634		4				20000		11		0.007887324		12								0.115		16				15872		5		0.0030422535		6				84900		19		0.0000901408		20		*		100000		13		0.2730578512		14				31000		9		0.027943662		10				21		0		0.0002758621		0				43,540		17		0.0595041322		18				55490		7		1.2758857143		8				0.01		1		0.000004696		2		*		12,500		21		0.0018666667		22				273																														167906.6968		23		0.0042666667		24

								112		3		0.0006		4				19240		11		0.002348008		12								0.09		16				15600		5		0.0009056604		6				84000		19		0.0000268344		20		*		100000		13		0.2665142857		14				30700		9		0.0083186583		10				16		0		0.0002285714		0				39,310		17		0.0504378284		18				50000		7		1.1908266667		8				0.0001		1		0.0000033058		2		*		8,800		21		0.001690566		22				4200																														141423.559		23		0.0027428571		24

								447		3		0.0005		4				16300		11		0.029752066		12								0.063		16				10000		5		0.0132231405		6				70900		19		0.0735		20		*		97816		13		0.2487466667		14				30000		9		0.0132231405		10				5		0		0.0002133333		0				35,600		17		0.0411428571		18				50000		7		0.6906285714		8				1814		1		0.0000028021		2		*		7,900		21		0.001690566		22				4300																														106700		23		0.00256		24

								429		3		0.0003		4				14500		11		0.025218914		12								0.053		16				10000		5		0.0112084063		6				70900		19		0.046		20		*		95000		13		0.2314535902		14				22360		9		0.0112084063		10				10,000		0		0.0001878407		0				31,820		17		0.0384		18		*		30100		7		0.6445866667		8				>4100		1		0.0000016771		2				7,300		21		0.0015448276		22				13900																														88100		23		0.0024150943		24

								430		3		0.000259		4				13700		11		0.010285714		12								0.051		16				10000		5		0.0045714286		6		*		70400		19		0.0393		20				87420		13		0.161322314		14				22000		9		0.0045714286		10				3130		0		0.0001126761		0				27,000		17		0.0308571429		18				29635		7		0.5954133333		8				0.0085		1		0.0000011429		2				6,200		21		0.0013886792		22				14100																														86200		23		0.0024150943		24

								444		3		0.000231		4				13500		11		0.009600000		12								0.042		16				7700		5		0.0042666667		6				35360		19		0.023		20				86500		13		0.1367425569		14				20000		9		0.0042666667		10				12500		0		0.0001066667		0				24,200		17		0.0288		18		*		26600		7		0.3370264151		8				0.0025		1		0.0000010667		2				6,150		21		0.0013886792		22				101000																														26122.823		23		0.0022068966		24

								429		3		0.0002		4				12500		11		0.004800000		12								0.003		16				7500		5		0.0021333333		6				27340		19		0.02		20				81000		13		0.1243733333		14				19590		9		0.0021333333		10				530		0		0.0000603774		0				22,360		17		0.0205714286		18				20100		7		0.3370264151		8				0.0025		1		0.0000005333		2				3,200		21		0.0012689655		22																																		3200		23		0.00128		24

								430		3		0.0002		4				11454		11		0.002716981		12								0.002		16				7400		5		0.0012075472		6				26270		19		0.019		20				80000		13		0.0944		14				19100		9		0.0012075472		10		*		16,000		0		0.0000603774		0				21,200		17		0.0192		18		*		19000		7		0.3222933333		8				0.05		1		0.0000003019		2				3,200		21		0.0010566038		22																																		3200		23		0.0009917355		24

								444		3		0.0001		4				11450		11		0.002716981		12								0.002		16				7003		5		0.0012075472		6				25200		19		0.018		20				78442		13		0.0881066667		14				12300		9		0.0012075472		10				91		0		0.0000551724		0				5000		17		0.0192		18		*		13000		7		0.3079724138		8				1230		1		0.0000003019		2				3200		21		0.0010566038		22																																		3200		23		0.0009014085		24

								195		3		0.000077		4				10000		11		0.002482759		12								0.001		16				5800		5		0.0011034483		6				23300.00		19		0.016		20				77700		13		0.0704		14				12100		9		0.0011034483		10				31		0		0.000033543		0				4900		17		0.0144		18		*		9200		7		0.3047933884		8				1238		1		0.0000002759		2				20		21		0.0009655172		22																																		3200		23		0.0008406305		24

								170		3		0.0001		4				10000		11		0.001014085		12								0.9365289256		16				4100		5		0.0004507042		6				10000		19		0.016		20				76300		13		0.0704		14				9060		9		0.0004507042		10				33980		0		0.0000225352		0				3,700		17		0.0108679245		18		*		1312		7		0.2583537653		8				0.00251		1		0.0000001127		2				1		21		0.0006309859		22																																		1800		23		0.0007245283		24

								174		3		0.0000		4				10000		11		0.000301887		12								0.8252892562		16				3833		5		0.0001341719		6				9630		19		0.014		20				75130		13		0.0643310345		14				7100		9		0.0001341719		10				532		0		0.0038890873		0				2620		17		0.0108679245		18				1000		7		0.1824301887		8				8.8		1		0.000025		2						21		0.0005183099		22																																		1800		23		0.0007245283		24

								101		3								10000		11		0.154		12								0.7938353765		16				3833		5		0.041		6				2400		19		0.014		20		*		75100		13		0.0557714286		14				5700		9		1.105		10				3.2		0		0.0165		0				790		17		0.0099310345		18				437		7		0.1824301887		8				32.6		1		0.000025		2						21		0.0003943662		22																																		1800		23		0.000662069		24

								170		3								8010		11		0.012		12								0.7140495868		16				3450		5		0.04		6				1530		19		0.013		20		*		74000		13		0.0520533333		14				2430		9		0.172		10				.				0.017		0				680		17		0.0096		18				32		7		0.1667034483		8				19.2		1		0.000025		2						21		0.0001878407		22																																		1800		23		0.0003428571		24

								53		3								8000		11		0.024		12								0.6995446585		16				3200		5		0.046		6				1000		19		0.013		20				70700		13		0.0440533333		14				1340		9		0.291		10								0.01		0				560		17		0.0081509434		18				32		7		0.1257915493		8				0.002		1		0.000025		2						21		0.0001542977		22																																		1800		23		0.00032		24

								51		3								7500		11		0.001		12								0.6052539405		16				2970		5		0.057		6				800.00		19		0.013		20				64265		13		0.0262760563		14				1000		9		0.305		10								0.0042426407		0				451		17		0.0081509434		18				32		7		0.1053714286		8				0.023		1		0.000025		2						21		0.0001174004		22																																		1800		23		0.0002704225		24

								170		3								5000		11		0.001		12								0.3237714286		16				2750		5		0.061		6				759		19		0.0127814352		20		*		52500		13		0.0260266667		14				1000		9		0.318		10								0.012		0				330		17		0.0074482759		18				30		7		0.0983466667		8				0.0096		1		0.000025		2																																												1000		23		0.0002683438		24

								106		3								4420		11		0.01		12								0.3021866667		16				2697		5		0.074		6				520		19		0.0115		20				52500		13		0.0249358491		14				1000		9		0.329		10								0.016		0				32		17		0.0054339623		18				30		7		0.0680901408		8				0.0035		1		0.000025		2																																												1000		23		0.00016		24

								51		3								4000		11		0.021		12								0.2853142857		16				2594		5		0.095		6				400		19		0.0113333333		20				50000		13		0.0249358491		14				680		9		2.233		10								0.004		0				32		17		0.0054339623		18				30		7		0.0491733333		8				0.00032		1		0.000025		2																																												1000		23		0.000090566		24

								0.1		3								2500		11		0.015		12								0.2662933333		16		*		2590		5		0.006		6				210		19		0.0106110161		20				48900		13		0.0227862069		14				100		9		0.017		10								0.013		0				32		17		0.0049655172		18								0.0374473795		8				0.00032		1		0.000025		2																																												1000		23		0.000090566		24

								6341		3								2000		11		0.009		12								0.2468571429		16				2500		5		0.024		6				146		19		0.01		20				43000		13		0.0147320755		14				50		9		0.028		10																17		0.004056338		18								0.0278339623		8				0.023		1		0.000025		2																																												1000		23		0.0000827586		24

								7486		3								1200		11		0.001		12								0.2304		16				1870		5		0.012		6				81		19		0.01000		20				43000		13		0.0147320755		14				21		9		0.001		10																17		0.0030422535		18								0.0278339623		8				0.0096		1		0.000025		2																																												560		23		0.0000805031		24

								3310		3								1000		11		0.041		12								0.1510933333		16				1867		5		0.025		6				26.8		19		0.0093333333		20				40500		13		0.013462069		14				10		9		0.022		10																17		0.002028169		18								0.0254344828		8				0.0035		1		0.000025		2																																												560		23		0.0000338028		24

								24		3								1000		11		0.027		12								0.1331466667		16				1840		5		0.002		6				16		19		0.009		20				36622		13		0.0093070423		14				10		9		0.022		10																17		0.0012075472		18								0.020270021		8				0.0035		1		0.000025		2																																												10		23		0.0000100629		24

								234		3								1000		11												0.1152		16				1690		5		0.005		6				16		19		0.008767767		20				35400		13		0.0078222222		14				1		9		0.033		10																17		0.0009056604		18								0.0103887324		8				0.0096		1		0.000025		2

								820		3								710		11												0.0855245283		16		*		1670		5		0.006		6						19		0.00841		20				35400		13		0.0054985915		14				1		9		0.031		10																17		0.0006037736		18								0.0030926625		8				0.003		1		0.000025		2

								705		3								610		11												0.0855245283		16				1600		5		0.02		6						19		0.008		20				33600		13		0.0027706499		14				1		9		0.026		10																17																		0.003		1		0.000025		2

								111357		3								500		11												0.0781517241		16				1570		5		0.018		6						19		0.008		20				31600		13		0.0016368973		14				1		9		0.01		10																17																		0.05		1		0.000025		2

								1000		3								295		11												0.0753660377		16				1510		5		0.01		6						19		0.0067175144		20				29400		13								1		9		0.013		10																17																		0.005		1		0.000025		2

								0.1		3								250		11												0.0753660377		16				1420		5		0.004		6						19		0.00550		20				28300		13								0.3		9		0.029		10																17																		0.00167		1		0.000025		2

								169.81		3								156		11												0.0688689655		16				1400		5		0.012		6								0.004949		20				25500		13								0.25		9		0.036		10																17																		0.00167		1		0.000025		2

								30932.61		3								125		11												0.0652075472		16				1400		5		0.031		6								0.0021213203		20				15520		13								0.1		9																				17																		37800		1		0.000025		2

								20415.52		3								100		11												0.0652075472		16				1300		5		0.018		6								0.00212		20				15000		13								0.0664		9																				17																		8400		1		0.000025		2

								1546.63		3								100		11												0.0595862069		16				1250		5		0.0275		6								0.00212		20		*		14400		13								0.01		9																				17																		0.004		1		0.000025		2

								23818.1		3								100		11												0.0319211268		16				1210		5												0.00200		20				14400		13																														17																		0.16		1		0.000025		2

								0.1		3								60		11												0.0281295775		16				1000		5												0.001		20				13800		13																														17																		0.004		1		0.000025		2

								36		3								30		11												0.0243380282		16				1000		5														20				9900		13																										*				17																		0.1		1		0.000025		2

								35		3								23		11												0.0095027254		16				1000		5																		5000		13																										*				17																		0.01		1		0.000025		2

								2000		3								5		11												0.0083740042		16				844		5																*		3760		13																										*				17																		0.01		1		0.000025		2

								30		3								1.6		11												0.007245283		16				800		5																		2000		13																										*				17																		0.002		1		0.000025		2

								31.25		3								1		11																		800		5																		2000		13																														17																		0.001		1		0.000025		2

								31.25		3								1		11																		700		5																		754		13																														17																		3800		1		0.000025		2

								250		3								1		11																		700		5																		700		13																														17																		58		1		0.000025		2

								250		3								1		11																		668		5																		100		13																														17																		150		1		0.000025		2

								54		3								1		11																		440		5																		100		13																																																500		1		0.000025		2

								54		3								1		11																		409		5																		10		13																																																0.001		1		0.000025		2

		Lines on Graph				*		0.54		3								0.5		11																		400		5																		10		13																																																0.001		1		0.000025		2

				x		y		0.54		3								0.03		11																		250		5																*		10		13																																																0.0001		1		0.000025		2

				2.50		0.00000001		247		3																												244		5																		10		13																																																0.004		1		0.000025		2

				2.50		100000000		100		3																												200		5																		10		13																																																0.488		1		0.000025		2

				4.50		0.0000001		0.03		3																												156		5																		10		13																																																0.0639		1		0.000025		2

				4.50		10000000		0.3		3																												134		5																		10		13																																																0.0639		1		0.000025		2

				6.50		0.0000001		3		3																												128		5																		1		13																																																0.488		1		0.000025		2

				6.50		10000000		33		3																												110		5																		0.01		13																																																0.0011		1		0.000025		2

				8.50		0.0000001		100		3																												100		5																				13																																																0.0011		1		0.000025		2

				8.50		10000000		0.54		3																												100		5																				13																																																0.0011		1		0.000025		2

				10.50		0.0000001		25		3																												100		5																				13																																																0.0011		1		0.000025		2

				10.50		10000000		250		3																												55		5																				13																																																0.0093		1		0.000025		2

				12.50		0.0000001		10		3																												50		5																				13																																																0.002		1		0.000025		2

				12.50		10000000		2000		3																														5																				13																																																0.002		1		0.000025		2

				14.50		0.0000001		350		3																														5																				13																																																0.0054		1		0.000025		2

				14.50		10000000		705		3																														5																																																																				0.0054		1		0.000025		2

				16.50		0.0000001		300		3																														5																																																																				0.003		1		0.000025		2

				16.50		10000000		10		3																														5																																																																				0.01		1		0.000025		2

				18.50		0.0000001		2.5		3																														5																																																																				0.01		1		0.000025		2

				18.50		10000000		100		3																														5																																																																				0.01		1		0.000025		2

				20.50		0.0000001		100		3																														5																																																																				0.01		1		0.000025		2

				20.50		10000000		32		3																														5																																																																				0.01		1		0.000025		2

				22.50		0.0000001		0.025		3																														5																																																																				0.1		1		0.000025		2

				22.50		10000000		0.125		3																														5																																																																				0.01		1		0.000025		2

				24.50		0.0000001		0.25		3																																																																																																		0.02		1		0.000025		2

				24.5		10000000		23		3																																																																																																		0.2		1		0.000025		2

				26.5		0.0000001		51		3																																																																																																		0.016		1		0.000025		2

				26.5		10000000		100		3																																																																																																				1		0.000025		2

				28.5		0.0000001		3000		3																																																																																																				1		0.000025		2

				28.5		10000000		1420		3																																																																																																						0.000025		2

				30.5		0.0000001		3.7		3																																																																																																						0.000025		2

				30.5		10000000		16		3																																																																																																						0.000025		2

				32.5		0.0000001		0.001		3																																																																																																						0.000025		2

				32.5		10000000		0.1		3																																																																																																						0.000025		2

				34.5		0.0000001		0.0003		3																																																																																																						0.000025		2

				34.5		10000000		0.075		3																																																																																																						0.000025		2

				36.5		0.0000001		0.02		3																																																																																																						0.000025		2

				36.5		10000000		0.2		3																																																																																																						0.000025		2

				38.5		0.0000001		10		3																																																																																																						0.000025		2

				38.5		10000000		40		3																																																																																																						0.000025		2

				40.5		0.0000001		80		3																																																																																																						0.000025		2

				40.5		10000000		300		3																																																																																																						0.000025		2

				42.5		0.0000001		3000		3																																																																																																						0.000025		2

				42.5		10000000		30.9		3																																																																																																						0.000025		2

				44.5		0.0000001		1500		3																																																																																																						0.000025		2

								14		3																																																																																																						0.000025		2

				46.5		0.0000001		223		3																																																																																																						0.000025		2

				46.5		10000000				3																																																																																																						0.000025		2
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																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2

																																																																																																																0.00005		2
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								106		3		0.0010020657		4				8000		11		0.0129333333		12				167000		15		0.0855245283		16				1870		5		0.012		6				70900		19		0.008		20				50000		13		0.0704		14				15700		9		0.027943662		10				10000		0		0.0013438424		0				41425		17		0.0114339623		18				55490		7		0.3048966942		8				0.0098		1		0.00009		2				40000		21		0.00272		22				13300		0		0		0				3950		0		0		0				217		0		0

																																																																																																																0.00009		2
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Median Data Sheet 

		Section 1.

																																				Number of papers per chemical

																																																		1

				Chemical		Median Effect				Median Observed				Risk Ratio																						Chemical		Number of papers										Sulfamethoxazole		0.000488

		1		Fluoxetine		106		3		0.0010020657		11		9.45E-06																				1		Fluoxetine												Diclofenac		0.0000240965

		2		Diclofenac		8000				0.0129333333				1.62E-06																				2		Diclofenac												Ibuprofen		0.0000238835

		3		ATN		167000				0.0855245283				5.12E-07																				3														Fluoxetine		0.0000238104

		4		PRO		1870				0.0116042032				6.21E-06																				4														Propranolol		0.0000041825

		5		SMX		70900				0.008				1.13E-07																				5														Carbamazepine		0.0000030645

		6		CBZ		50000				0.0704				1.41E-06																				6														Paracetamol		0.0000014082

		7		IBF		15700				0.027943662				1.78E-06																				7														Naproxen		0.000000843

		8		OFX		10000				0.0013438424				1.34E-07																				8														Atenolol		0.0000006257

		9		NPX		41425				0.0114339623				2.76E-07																				9														Ofloxacin		0.0000001363

		10		PAR		55490				0.3048966942				5.49E-06																				10

		11		EE2		0.0098				0.000065				6.63E-03																				11

		12		Citalopram		3950				0				0.00E+00						0.52														12

		13		Atorvastatin		217				0				0.00E+00

		14		Diazepam		13300				0				0.00E+00

		15		MET		40000				0.00272				6.80E-08

				Chemical										Risk Ratio 5%						Red line data points

						5th %ile Lowest conc				Median Ob Conc										0.000000001		0.000000001

		1		FLX		0.1		3		0.0010020657				1.15E-02						0.00000001		0.00000001

		2		DIC		1				0.0129333333				1.29E-02						0.0000001		0.0000001

		3		ATN		10000				0.0855245283				8.55E-06						0.000001		0.000001

		4		PRO		100				0.0116042032				1.16E-04						0.00001		0.00001

		5		SMX		32.22				0.008				2.48E-04						0.0001		0.0001

		6		CBZ		10				0.0704				7.04E-03						0.001		0.001

		7		IBF		0.1825				0.027943662				1.53E-01						0.01		0.01

		8		OFX		7.5				0.0013438424				1.79E-04						0.1		0.1

		9		NPX		32				0.0114339623				3.57E-04						1		1

		10		PAR		30				0.3048966942				1.02E-02						10		10

		11		EE2		0.001				0.000065				6.88E-02						100		100

		12		Citalopram		1000				0				0.00E+00						1000		1000

		13		Atorvastatin		50.2				0				0.00E+00						10000		10000

		14		Diazepam		862.05				0				0.00E+00

		15		MET		1292				0.00272				2.11E-06

		Ranking based on medain vs medain

				Chemical		0

		8		EE2		0.02500

		12		FLX		0.00001

		4		PRO		0.00001

		10		PAR		0.00001

		14		IBF		0.00000

		7		DCF		0.00000

		11		CBZ		0.00000

		13		NPX		0.00000

		5		ATN		0.00000

		9		SMX		0.00000

		15		OFX		0.00000

		6		MET		0.00000

		3

		2

		1

		Ranking based on 5% vs median

				Chemical		0

		7		IBF		0.15

		10		EE2		6.88E-02

		14		DIC		0.01

		1		FLX		0.01

		9		PAR		0.01

		5		CBZ		0.01

		11		NPX		0.00

		8		SMX		0.00

		13		PRO		0.00

		4		ATN		0.00

		2		ASP		0.00

		12		MET		0.00

		6

		3

		15

		Graphs

		1. Compariosn

		2. Median vs Environment Graph

		3. 5% vs Envirobnembt Data Graph

		4. Risk Ratio Histogram

		5. Risk Ratio 5% Histogram

		6. Number of papers vs ranking
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3. 5% vs Env 
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4. Risk Ratio Histo
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