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Background

Methods

Results

Workplace inhalational exposures to low molecular weight (LMW) chemicals cause hypersensitivity
pneumonitis (HP) as well as the more common manifestation of respiratory hypersensitivity, occu-
pational asthma (OA).

To explore whether chemical causation of HP is associated with different structural and physico-
chemical determinants from OA.

Chemical causes of human cases of HP and OA were identified from searches of peer-reviewed
literature up to the end of 2011. Each chemical was categorized according to whether or not it had
been the attributed cause of at least one case of HP. The predicted asthma hazard was determined
for each chemical using a previously developed quantitative structure—activity relationship (QSAR)
model. The chemicals in both sets were independently and ‘blindly’ analysed by an expert in mech-
anistic chemistry for a qualitative prediction of protein cross-linking potential and determination
of lipophilicity (log K_).

Ten HP-causing chemicals were identified and had a higher median QSAR predicted asthma hazard
than the control group of 101 OA-causing chemicals (2 < 0.01). Nine of 10 HP-causing chemicals
were predicted to be protein cross-linkers compared with 24/92 controls (P < 0.001). The distri-
butions of log K indicated higher values for the HP list (median 3.47) compared with controls
(median 0.81) (P < 0.05).

These findings suggest that chemicals capable of causing HP tend to have higher predicted asthma
hazard, are more lipophilic and are more likely to be protein cross-linkers than those causing OA.

Hypersensitivity pneumonitis; occupational chemicals; occupational respiratory disease; toxic
inhalation.

Introduction

Reports of hypersensitivity pneumonitis (HP) with
causal attribution to a chemical of low molecular weight
(LMW) show potential for significant respiratory distress
[1]. However, as has been described in the context of
occupational asthma (OA) due to hypersensitivity [2—4],
detailed study of the chemical features characteristic of
LMW causes of HP might reveal important insights into
disease mechanisms and perhaps lead to a model for pre-
dicting chemicals with the potential to cause HP. This

paper is the first to report as a pilot the possible applica-
tion of structure—activity relationship models in predict-
ing or explaining occupational HP hazard.

A validated quantitative structure—activity relationship
(QSAR) model had been developed by a statistical com-
parison of the molecular descriptors present in chemicals
reported to cause OA in humans with those in control
chemicals (for which no case reports of asthma had been
reported despite extensive human industrial exposure)
[5,6]. One of the important structural features found to
be statistically associated with chemical asthmagenicity
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was the presence of two or more reactive or functional
groups in a molecule [7-9]. A possible reason why such
polyfunctionality might be necessary for a chemical to
be asthmagenic could be that it confers the potential to
cross-link native human proteins, perhaps leading to con-
formational change and the exposure of epitopes capable
of provoking an immune reaction that leads to asthma.
Alternatively cross-linking might operate at a cell surface
level. Cross-linking of protein molecules by a polyfunc-
tional chemical has also been suggested by experts in
mechanistic chemistry to confer electrochemical stability
for protein binding that might not be achieved by reac-
tion of a single chemical group alone [10,11]. A prelim-
inary literature search for chemical causes of HP had
identified two compounds, toluene triisocyanate [12]
and pyromellitic dianhydride [13], that exhibit a greater
degree of polyfunctionality than the more commonly
reported asthmagenic compounds in the same groups (a
range of diisocyanates and monoanhydrides).

The pathology of OA and HP differs in the anatomical
site with OA resulting from inflammation of the distal bron-
chi and bronchioles, while HP, as indicated by its alternative
name ‘(extrinsic) allergic alveolitis’, predominantly affects
the alveoli. It is therefore also plausible that HP-causing
chemicals differ from OA-causing chemicals in toxicokinetic
properties such as relative solubility in water and lipid, given
that lipophilic compounds would be more likely to partition
at the level of the alveoli than at a bronchial level and that its
molecules would need to cross a lipid-rich surfactant layer
in order to cause HP [14]. The objectives of this study were
therefore to investigate the following hypotheses:

1. To investigate the application of a QSAR designed
for predicting chemicals capable of causing OA to the
prediction of HP-causing chemicals.

2. To compare chemical structural and physico-chemi-
cal properties of occupational asthmagens and occu-
pational causes of HP with particular reference to
protein cross-linking potential and lipophilicity.

Methods

A literature search was undertaken to generate as many
comprehensive lists as possible of LMW chemicals
reported to cause at least one human case of HP (the
‘HP list’) and those reported to cause at least one human
case of OA due to sensitization but no cases of HP (the
‘OA list’). For a chemical reported as the aetiological
agent in either a case of OA or HP to be included in
either list, it had to be both organic (defined as carbon
containing) and of molecular weight <1000 Da.

The process of literature searching began with the
iteration and expansion of an already existing database
of OA-causing chemicals [5]. The Medline database was
searched for journal articles published up to the end of
2011, which potentially contained case reports or series

of OA caused by a LMW chemical. Search terms used
either individually or in combination for Keyword-,
Topic- and Textword-based searches included ‘asthma’,
‘occupational asthma’, ‘respiratory sensitis(z)ation’, ‘res-
piratory sensitis(z)er’, ‘chemical’, ‘low molecular weight’.
Articles that described either a case or case series of OA
caused by a LMW organic compound were selected by
scrutinizing the title, abstract and where indicated the
full article as described previously [5]. The criteria for
OA diagnosis and causal attribution to a specific chem-
ical were also the same as those previously used [5] in
that the case report or series had to describe at least
one clear diagnosis of OA attributed to a specific LMW
organic compound following a latent period of exposure.

The same database, time frame and search strategy
were employed to identify cases of HP with causal attri-
bution to a LMW organic chemical. A different set of
search terms was used that included the following either
individually or in combination: ‘pneumonitis’, ‘alveoli-
tis’, ‘hypersensitivity pneumonitis’, ‘allergic alveolitis’,
‘respiratory sensitis(z)er’, ‘chemical’, ‘low molecular
weight’. A second stage involved combining search
results using each chemical name from the provisional
OA list and ‘hypersensitivity pneumonitis’ or synonyms.
From these search results, the title, abstract and where
indicated the full article were scrutinized in order to
select all possible case reports or series describing HP
with causal attribution to a LMW chemical. The search
terms ‘pneumonitis’ and ‘alveolitis’ were employed with-
out the respective pathophysiological descriptors ‘hyper-
sensitivity’ and ‘allergic’ in order to try to screen for as
many case reports of HP as possible. Care was then
taken in the final selection to ensure that the case report
or series definitely described pneumonitis resulting from
hypersensitivity rather than a non-immunological type
of chemical pneumonitis such as lipoid pneumonitis.
Chemicals were therefore only included in the HP list if
either the case report(s) clearly specified and discussed
hypersensitivity mechanisms and there had been a latent
period of exposure to the attributed cause.

When a given chemical had been reported to cause
both HP and OA either within the same case or as indi-
vidual conditions in separate cases, the chemical was
included in the HP list rather than the OA list. The
reasoning for this was that the number of chemicals
reported to cause HP was predicted to be small by com-
parison with the number that causes OA and the study
was aiming to examine the chemical features that dif-
ferentiated this small subset of HP-causing chemical res-
piratory sensitizers that overlapped with the larger subset
of OA-causing chemical respiratory sensitizers. A com-
pound was only included in either list if the name used in
the case report(s) or series gave it unambiguous identity.

For each compound in either the HP or OA list, fur-
ther information pertaining to CAS (Chemical Abstracts
Service) Registry Number and chemical structure were
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obtained from either The Merck Index [15] or one of
several web-based databases freely available online:

1. The ChemExper Chemical Directory. Available from:
http://www.Chemexper.com.

2. NCBI. PubChem. Available from: http://pubchem.
ncbi.nlm.nih.gov/.

3. Chemical Book. Available from: http://www.chemical-
book.com.

4. Royal Society of Chemistry. ChemSpider. Available
from: http://www.chemspider.com/.

Using one of these online databases, it was usually pos-
sible to download the structure of each compound in the
form of a ‘molfile’, which is an alphanumeric textual rep-
resentation of a chemical structure. When a molfile was
not available online for a compound, the structure was
drawn using ChemDraw software that allows conversion
into a molfile format. The molfile for each compound
was then opened in text form using Notepad and cut and
pasted into the box indicated on the OA hazard predic-
tion programme’s webpage: http://www.coeh.man.ac.uk/
asthma/login.php.

On submission of a chemical’s molfile, this programme
generates a value, known as the ‘asthma hazard index’
(HI), between zero and one representing the determined
probability that the given compound has potential to
cause asthma by sensitization.

The qualitative prediction of whether or not a given
compound in the HP or OA lists has the potential to
cross-link proteins was performed by an expert chem-
ist (S.J.E.) working independently. In order to ensure
that for this categorization the independent investiga-
tor was blind to whether a given compound was on
the OA list or HP list, these lists were pooled and then
listed in alphabetical order alongside the identified
CAS Registry Number before being sent to the expert
chemist.

The expert chemist independently sought the chemi-
cal structure for each compound on the pooled HP/
OA list using the Royal Society of Chemistry database,
ChemSpider. Each compound for which a structure was
so identified was categorized as either a potential protein
cross-linker or not based on whether or not, in the expert
chemist’s opinion, it had at least two structural groups
with the potential to react with amino acid side chains on
endogenous proteins.

The logarithm of the coefficient of partition between
octanol and water (log K ) was used to ascribe a value
for lipophilicity to each compound for which a structure
was identified by the expert chemist. (The interpreta-
tion is that the larger the value of log K for a chemical,
the more lipophilic, i.e. fat soluble, and the less hydro-
philic, i.e. water soluble, it will be.) The chosen method
for determining this parameter for each compound
utilized publicly available computer software known
as KOWWIN, developed by the US Environmental
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Protection Agency [16]. It allows the determination
of log K values for any chemical structure utilizing
an atom/fragment contribution method. Briefly, the
approach breaks a molecule into a series of predefined
chemical atoms/fragments, each atom/fragment has a
defined log K value determined from an analysis of
experimental data. This allows simple QSAR models to
be used to predict the log K value of the entire chem-
ical by counting the number of atoms/fragments and
summing their contributions.

Statistical comparisons between the chemicals in the
HP list and those in the OA list were performed for each
of the three study parameters: QSAR-generated asthma
HI, cross-linking potential and log K . The Mann-
Whitney U-test was used where the variable was continu-
ous but not thought to have a normal distribution as was
the case for QSAR-generated asthma HI and log K_ .
Pearson chi-square test was used to compare the chem-
icals on the HP and OA lists where the variable being
compared was categorical as was the case for protein
cross-linking potential. All statistical analysis was done
using SPSS version 20.

Ethical approval was not required for this study as the
only data used were existing human and toxicological
data that were already in the public domain.

Results

The literature search identified 101 compounds that met
the criteria for inclusion in the OA list (Table S1, avail-
able as Supplementary data at Occupational Medicine
Online) and 10 compounds that met the criteria for
inclusion in the HP list (Table 1). Nine of the 10 chemi-
cals on the HP list had also been reported to cause OA
due to sensitization either coexisting with HP or as the
sole manifestation of hypersensitivity.

It was possible to generate a HI using the QSAR for
all 101 compounds on the OA list (Table S1, available
as Supplementary data at Occupational Medicine Online)
and all compounds on the HP list (Table 1). The median
HI value for the 101 control chemicals (‘the OA list’)
was 0.92 (interquartile range 0.48-1). The upper and
lower quartile HI values of the 10 HP-causing chemicals
had values of 1 and the variation of HI across this set of
chemicals differed significantly from that of the control
set; P < 0.01 using the Independent Samples Mann—
Whitney U-test (Figure 1). The expert chemist working
independently, and therefore using independent search
strategies to identify chemical structures, was able to
identify unambiguous structures for all 10 of the com-
pounds on the HP list but only 92 of the 101 controls
on the OA list.

Nine of the 10 chemicals identified as having caused
HP were predicted to be cross-linkers by the expert in
mechanistic chemistry (S.J.E.). The proportion of pre-
dicted cross-linkers differed significantly from that in the
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Table 1. LMW chemicals reported to cause HP in peer-reviewed literature with their structures and study parameters

Chemical name CAS Registry Chemical structure Ever reported to QSAR—g:Terated Cross-linking Log
(example case reference) Number cause OA? (Y/N) (0-1) potential (Y/N) | K,
N///O
1,3-Bis(isocyanatomethyl)cyclohexane
38661-72-2 Y 1 Y 3.92
[17] N|
|
o]
o \
\\N
1,5-Naphthalene diisocyanate
3173-72:6 OO y 1 y 437
(1]
N
\\o
Diphenylmethane diisocyanate _°
101-68-8 N‘ N Y 1 Y 5.22
[18] \‘
o
Formaldehyde
50-00-0 ” Y 1 Y 0.35
[19]
Hexamethylene diisocyanate 0w
822-06-0 \\N/\/\/\/N\\ % 1 v 32
[20]
4-Diazobenzenesulphonate O\\S,o v
. $
(Pauli’s reagent) 305-80-6 /©/ ko) (only in conjunction 0.31 N -0.8
(21] N///N with HP)
(o]
Pyromellitic dianhydride Q o
89-32-7 o N 1 Y 2.14
[13] o
o
[e]
|
|
N
Toluene diisocyanate
584-84-9 Y 1 Y 3.74
[22]
N
|
|
o
o)
o)
Triglycidyl isocyanurate o PIg
N” N
2451-62-9 Y 1 Y 1.21
[23] © o)\NAO
N
O\\\N
Triphenylmethane triisocyanate O Y
2422-91-5 (only in conjunction 1 Y 7.17
[12] . O ) N with HP)
]

control set that was 24 out of 92 (25%); P < 0.001 using
Pearson chi-square test (Table 2).

The median log K value for the 92 control chemi-
cals was 0.81 (interquartile range —0.34 to 2.88). The
median log K value for the 10 HP-causing chemicals

was 3.47 (interquartile range 0.86—4.80) and the varia-
tion across this group differed significantly from the var-
iation in log K across the set of 92 controls; P < 0.05
using the Independent Samples Mann—Whitney U-test
(Figure 2).
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Figure 1. Variation in asthma HI for HP-causing and control respiratory sensitizers (P < 0.01).

Table 2. Proportions of RS predicted to be protein cross-linkers

Numbers of Numbers of Total
chemical RS chemical RS
reported to  reported to cause
cause HP OA but not HP
Predicted to have 9 24 33
cross-linking potential
Predicted not to have 1 68 69
cross-linking potential
Total 10 92 102

RS, respiratory sensitizers.
P < 0.001 (Pearson chi-square test).

Discussion

This study found that HP-causing chemicals tend
(with statistical significance) to have a stronger QSAR
predicted asthma hazard, are more lipophilic and have
greater potential for protein cross-linking than those
causing OA. This is despite the relatively low number of
chemicals reported to cause HP.

The small size of the set of LMW chemicals identi-
fied as causative of HP from peer-reviewed case reports
was expected. HP is a much rarer condition than OA
and LMW chemicals are much less frequently reported
as causative agents than are high molecular weight sub-
stances containing antigenic proteins, e.g. ‘farmer’s
lung’ caused by mouldy hay. Chemical causes tend to
be briefly alluded to at the bottom of lists of aetiologi-
cal agents in review articles of HP in categories such
as ‘chemical worker’s lung’ attributed to limited and
generalized chemical groups such as diisocyanates and

acid anhydrides [24]. We have identified 10 specific
LMW organic compounds reported to have caused HP
in humans. The report of a diagnosis of HP (or allergic
alveolitis) and causal attribution to a LMW chemical by
a physician in a peer-reviewed journal was considered
sufficient evidence that the diagnostic criteria had been
met for HP. A latent period of exposure was, however,
deemed a necessary criterion to exclude causes of lipoid
pneumonia since the study was limited to HP and not all
causes of chemical pneumonitis (especially since lipophi-
licity was a property being tested in relation to possible
association with HP).

The final list of HP-causing chemicals that is shown in
Table 1 includes several specific diisocyanates, all of which
are also well-recognized causes of OA. Among the acid
anhydrides, however, our literature search found sufficient
evidence of causation of HP for only pyromellitic dianhy-
dride. The evidence for HP causation by any of the acid
anhydrides that are more usually associated with asthma
is not conclusive. There are two published case reports
of HP associated with polyester powder paint [25,26].
Piirild er al. [25] made an assumption that the HP-causing
agents in their case were acid anhydrides present in the
paint fumes in which they detected small concentrations
of these chemicals by gas chromatography. Cartier ez al.
[26], however, left the possibility open that the alveolitic
reaction in their case was due to linear saturated polyesters
or released LMW compounds such as aldehydes. They
excluded trimellitic anhydride as the cause by perform-
ing a specific inhalation challenge test that was negative.
Neither of these case reports were therefore considered
as sufficient evidence in this study that either phthalic
anhydride or trimellitic anhydride are causes of HP.
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Figure 2. Variation in lipophilicity (as indicated by log K ) for HP-causing and control respiratory sensitizers (median values indicated by hori-

zontal line) (P < 0.05).

Pyromellitic dianhydride was the only chemical iden-
tified as a reported cause of HP that has apparently
never been reported to cause OA. All the remaining
compounds listed in Table 1 have either been reported
to cause OA as the sole pathology in other cases or, as
with triphenylmethane triisocyanate, coexisting in a
single case of HP. Interestingly, our control group of
101 asthma-causing chemical respiratory sensitizers had
a lower mean QSAR-generated asthma HI than the 10
HP-causing chemicals. This could be a manifestation of
the high representation of diisocyanates that account for
50% of the HP-causing chemicals identified. Another
possible explanation of this finding is that the molecu-
lar descriptors associated with asthmagenicity are even
more frequent in molecules of HP-causing chemicals,
perhaps indicative of the requirements for protein reac-
tivity that lead to subsequent immunopathological
events. Asthma, when caused by LMW chemicals, some-
times results from IgE-mediated type I hypersensitivity
but also by as yet poorly characterized immunological
or other mechanisms. By contrast HP, at least when
caused by HMW agents, is thought to result from type
IIT and type IV hypersensitivity mechanisms and IgG
antibodies interacting with complement components to
trigger the cellular accumulation of macrophages and
T-lymphocytes.

The hypothesis that cross-linking of native human
proteins is an initial step in chemical asthmagenesis was
developed from observations that two or more reactive
groups were frequently present in chemical respiratory
sensitizers that caused asthma [3]. A chemical respira-
tory sensitizer is not a complete antigen and is thought
to be antigenic by reaction with native human proteins.
A single bond with a native protein molecule can pro-
duce a hapten—protein conjugate that can function as an
epitope that might be responsible for initiating asthma
or rhinitis for some chemical respiratory sensitizers. This
process is, however, unlikely to be a sufficient trigger for
the immunological processes involved in HP that involve
immune complex formation. An immune complex could,
however, be formed if a chemical forms intramolecular
and/or intermolecular cross-links in protein molecules.
The formation of intramolecular protein cross-links
could expose multiple self-epitopes leading to polyclonal
(auto)antibody (IgG) production. Bivalent IgG could
then cross-link one protein molecule with another com-
mencing the formation of an immune complex lattice.
This would be essentially the same process as that trig-
gered by a HMW antigen, e.g. fungal antigens in mouldy
hay, except that the postulated antigen is a self-protein
made autoantigenic by conformational change from
cross-linking by the chemical sensitizer.
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The exception to this hypothesis is Pauli’s reagent
(4-diazobenzenesulphonate) for which there was strong
clinical evidence of correct causal attribution, includ-
ing positive specific inhalation challenge and histo-
pathological features of pneumonitis found following
lung biopsy. The case was unusual, however, in that
specific IgE was demonstrated by skin prick testing as
well as histological findings of immunoglobulin depo-
sition in alveoli and low serum C3. Interestingly, spe-
cific inhalation challenge resulted in both immediate
and late bronchial responses and this could be a case
in which a chemical respiratory sensitizer was acting via
IgE-mediated mechanisms to cause asthma and other
mechanisms to cause pneumonitis that may or may not
be immunologically mediated.

The case report of HP caused by pyromellitic acid
dianhydride included detailed immunoserological analy-
sis that suggested that serum IgG in the patient exposed
to pyromellitic acid dianhydride at work had been cross-
linked to form dimers. Further examples of such i vivo
evidence together with i vitro studies would be required
to prove that cross-linking of human proteins by a chemi-
cal respiratory sensitizer is necessary to generate the anti-
genic trigger for the immunopathology of HP. The initial
chemical reactions are easy to illustrate mechanistically
(Figure 3).

There is a biologically plausible explanation for lipo-
philicity being an important requirement for chemicals
to cause HP. Type II alveolar cells produce a lipopro-
tein surfactant layer in order to reduce surface tension
of expanding alveoli. It comprises phospholipids such as

o
/_\02
NH,
He” o
H,C
H,C™
H,C
RA
o}
HO
"
CH/N
2
H2C/
H,C” o
H,C
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dipalmitoylphosphatidylcholine that has two hydropho-
bic tails projecting into the air facing side of this sur-
factant layer that is strongly hydrophobic [27]. In order
to partition in this layer and enter the alveolar interstit-
ium, a chemical would need to be lipophilic [14]. This
concept is clearly evident in lipoid pneumonia, a form of
chemical pneumonitis in which the pathological mecha-
nism does not involve immunologic hypersensitivity but
results from the acute inhalation of certain oil-based
substances [28]. Lipophilicity, in conjunction with any
structural features necessary to confer the required toxi-
codynamic properties, might also be a requirement in the
development of chemical-induced HP.

The development of a QSAR prediction model for
HP analogous to that for asthma [5] is a worthy long-
term aim. However, as this paper shows the data set
available so far is too limited. There are also only infre-
quent case reports with which to explore the mechanis-
tic hypotheses. Some agents such as clozapine [29] have
been reported as causing pneumonitis but not through
hypersensitivity mechanisms. Indeed, clozapine is a
lipophilic compound (log K 3.35) and it scores highly
on the asthma QSAR (HI 0.93). For some LMW agents
that cause pneumonitis hypersensitivity mechanisms
are clearly involved but the specific causative chemi-
cal entity has not been identified. An example is pyre-
thrum [30] that comprises two pyrethrin compounds
both of which are lipophilic (Figure 4). Application of
the hypotheses presented here might lead to specula-
tion that pyrethrin II is the specific HP-causing com-
pound because it has two electrophilic centres giving

H,C

(]

Figure 3. Reaction of a pyromellitic dianhydride molecule with two lysine side chains of either the same protein (causing intramolecular cross-

linking) or different proteins (causing intermolecular cross-linking).
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o o)
o) o)
o] \ o
/ N 7
Pyrethrin | Pyrethrin Il
Pyrethrin 1 (CAS RN 121-21-1) log K, = 6.28 HI=0.89
Pyrethrin Il (CAS RN 121-29-9) log K, = 5.33 HI =0.99

Figure 4. Core structure of pyrethrins (arrows indicate potential sites of nucleophilic attack by nitrogen containing lysine residues).

it potential for protein cross-linking, whereas pyrethrin
I only appears to have one such centre that could bond
with a protein side chain.

The pilot study reported here has generated plausible
hypotheses that lipophilicity and protein cross-linking
properties are important requirements for a chemical
to be capable of causing HP. Corroboration of these
suggested disease mechanisms would probably require
both laboratory investigation and clinico-epidemiologic
studies.

Key points

® Only a relatively small number of reported cases
of occupational hypersensitivity pneumonitis have
been attributed to low molecular weight chemi-
cals—as opposed to high molecular weight agents
causing hypersensitivity pneumonitis, or low
molecular weight chemicals causing occupational
asthma.

® Quantitative and qualitative approaches to
structure—activity relationships offer a valu-
able means of exploring mechanistic differences
between hypersensitivity pneumonitis and occu-
pational asthma when caused by low molecular
weight chemicals.

® Preliminary results suggest that the ability of a
chemical respiratory sensitizer to cause hypersen-
sitivity pneumonitis is associated with lipophilic
and protein cross-linking properties.
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Supplementary Table 1. The ‘OA list’ and associated study parameters. The OA list comprises all
LMW organic chemicals identified as having caused occupational asthma but not hypersensitivity

pneumonitis in cases published before the end of 2011 in the peer-reviewed literature.

nsi — no structure identified by the chemist working independently

38 F | £
Chemical name CAS RN T =
e 8| S 8
g2 S
(o}
1,2-benzisothiazolin-3-one 2634-33-5 0.14 | 0.64 N
e Lty N6 s | 1 e |
1,3,5-Tris(6-isocyanatohexyl)-1,3,5-triazinane-2,4,6-trione 3779-63-3 1 9.81 Y
2,4,5,6-tetrachlorobenzene-1,3-dicarbonitrile 1897-45-6 0.11 | 3.66 N
2,4-dichloro-5-chlorsulfonyl-benzoic acid 3740-18-9 0.33 | 3.77 N
2-Diethylethanolamine 100-37-8 0.86 | 0.05 Y
2-methyl-3,5-dinitrobenzamide 148-01-6 0.32 | 0.19 N
3-amino-5-mercapto-1,2,4-triazole 16691-43-3 0.71 | 0.22 N
3-Dimethylaminopropylamine 109-55-7 0.47 | 0.45 Y
5-aminosalicylic acid 89-57-6 0.82 | 0.98 N
6-Aminopenicillanic acid 551-16-6 1 0.6 N
7-amino-3-thiomethyl-3-cephalosporanic acid 37539-03-0 1 nsi nsi
7-Aminocephalosporanic acid 957-68-6 1 0.25 N
Abietic acid 514-10-3 0.94 | 6.46 N
Acetic acid 64-19-7 0.15 | 0.09 N
Adipic acid 124-04-9 0.75 | 0.23 N
Aminoethylethanolamine 111-41-1 0.92 | 2.13 Y
Aminophylline 317-34-0 0.99 nsi nsi
Amoxicillin 61336-70-7 1 0.97 N
Ampicillin 69-52-3 1 1.45 N
Amprolium hydrochloride 121-25-5 0.95 | 0.35 N
Azodicarbonamide 123-77-3 0.92 | 3.89 N
Benzyl penicillin 69-57-8 1 1.85 N
Biuret of hexamethylene diisocyanate 4035-89-6 1 7.58 Y
Black GR Reactive Dye (BK-5) 01-N/A 0.04 nsi nsi




Captafol 2939-80-2 0.52 | 3.42 N
Cefadroxil 66592-87-8 1 0.08 N
Ceftazidime 72558-82-8 1 1.36 N
Cefteram pivoxil 82547-81-7 1 0.54 N
Cephalexin 15686-71-2 1 0.4 N
Chloramine-T 127-65-1 0.22 | 0.84 N
Chlorendic anhydride 115-27-5 0.86 | 4.37 N
Chlorhexidine 55-56-1 1 4.85 Y
Cimetidine 51481-61-9 1 0.57 N
Diacetyl morphine 561-27-3 0.5 1.8 N
Diethanolamine 111-42-2 1 1.71 Y
Diglycidyl ether of bisphenol A 1675-54-3 0 3.84 Y
Dimethylethanolamine 108-01-0 0.77 | 0.94 Y
Dodecanedioic acid 693-23-2 0.94 | 3.17 N
EDTA tetrasodium 10378-23-1 1 3.86 N
Epigallocatechin gallate 989-51-5 0.02 | 2.56 Y
Erythromycin 114-07-8 1 2.48 N
Ethanolamine 141-43-5 0.64 | 1.61 Y
Ethoxylated bisphenol A diacrylate 24447-78-7 0.95 | 5.54 Y
Ethyl cyanoacrylate 7085-85-0 0.75 | 1.42 N
Ethylene oxide 75-21-8 0.01 | 0.05 N
Ethylenediamine 107-15-3 0.27 | 1.62 Y
Eugenol 97-53-0 0.01 | 2.73 N
Fenthion 55-38-9 0.01 | 4.08 N
Fluazinam 79622-59-6 0 4.02 N
Furfuryl alcohol 98-00-0 0.01 | 0.45 N
Glutaraldehyde 111-30-8 0.82 | 0.18 Y
Glycyl compound 77430-27-4 0.8 4.4 N
Hexachlorophene 70-30-4 0.01 | 6.92 Y
Hexahydrophthalic anhydride 85-42-7 0.95 | 2.17 N
Hexamethylenetetramine 100-97-0 0.9 4.15 Y
Himic anhydride 2746-19-2 0.95 | 1.85 N
Hydralazine 304-20-1 0.78 | 0.77 N
Hydroquinone 123-31-9 0.01 | 1.03 N




Indigotine 860-22-0 0.89 | 0.99 N
Isoniazid 54-85-3 0.79 | 0.81 N
Isophorone diisocyanate 4098-71-9 1 4.75 Y
Lauryl dimethyl benzyl ammonium chloride 139-07-1 0.89 | 4.93 N
Maleic anhydride 108-31-6 0.85 | 1.62 N
Methyl blue 28983-56-4 0.92 | 4.62 N
Methyl DOPA 555-30-6 094 | 1.79 N
Methyl methacrylate 80-62-6 0.48 | 1.28 N
Methyl-2-cyanoacrylate 137-05-3 0.69 | 0.93 N
Methyltetrahydrophthalic anhydride 19438-64-3 095 | 241 N
Mitoxantrone 65271-80-9 0.95 | 2.28 Y
MM22383 64761-66-6 1 1.66 N
Morphine hydrochloride 52-26-6 0.08 | 0.72 N
Ninhydrin 485-47-2 1 0.32 Y
Orange-GR Reactive Dye 02-N/A 0.99 nsi nsi
Ortho-phthalaldehyde(1,2-Phthalic dicarboxaldehyde) 643-79-8 0.73 | 1.43 Y
Paraphenylenediamine 106-50-3 0.22 | 0.39 N
Penicillamine 52-67-5 0.97 | 2.18 N
Phenylglycine acid chloride 39878-87-0 0.18 | 0.31 N
Phthalic anhydride 85-44-9 1 2.07 N
Piperacillin 59703-84-3 1 1.83 N
Piperazine 110-85-0 0.36 | -0.8 Y
Plicatic acid 16462-65-0 0.01 | 0.68 N
Polyfunct.i(?nél aziridine [Trimethylolpropane, tris(3-(2- 64265-57-2 1 nsi nsi
methylaziridinyl)propanoate)]

Red-BBN Reactive Dye 03-N/A 1 4.27 N
Salbutamol 36519-31-0 0.84 | 0.64 N
Sodium isononanoyloxybenzenesulphonate 123354-92-7 | 0.48 nsi nsi
Spiramycin 8025-81-8 1 nsi nsi
Styrene 100-42-5 0.04 | 2.89 N
Sulfathiazole 72-14-0 0.37 | 0.72 N
TBTU 125700-67-6 | 0.96 nsi nsi
Tetrachlorophthalic anhydride 117-08-8 1 4.65 N
Tetracycline 60-54-8 1 1.33 N
Tetramethrin 7696-12-0 0.97 5.2 N




Tetrazene 31330-63-9 1 0.66 N
Thiamine 59-43-8 0.95 | 1.78 N
Thiamphenicol 15318-45-3 0.99 | 0.33 N
Trientine 112-24-3 0.93 | 2.65 Y
Triethanolamine 102-71-6 1 2.48 Y
Trimellitic anhydride 552-30-7 1 1.95 N
Trimethylolpropane triacrylate 15625-89-5 0.64 | 2.86 Y
Tylosin tartrate 74610-55-2 1 nsi nsi
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