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ABSTRACT

Food production and preservation is an important social issue of increasing concern from ancient time onwards.
The practice of fruit/vegetable coating was accepted long before their associated chemistries were understood, and
are till practiced till date and deserves allocation of more research efforts to investigate the health effects by
consumption of coated fruits and vegetables. Morpholine, O(CH,CH,),NH is a common solvent and emulsifier used
in the preparation of wax coatings for fruits and vegetables. Morpholine, by itself, in the doses that are present in
fruits and vegetables probably does not congtitute a health risk. However, it undergoes nitrosation during the
digestion process if there are excess nitrites, formed mainly from naturally occurring nitrate in the diet to form N-
nitrosomor pholine (NMOR), a genotoxic carcinogen. Although there is no direct human data on nitrosation rate of
morpholine to NMOR, but according to Health Canada Health Hazard Assessment (HHA) 2008 report on
Morpholine in wax coatings of apples, safe dose of morpholine in humans is 4.3ng/body weight/day. Sufficient
NMOR can be produced in the human gut after ingestion of morpholine-treated fruits/vegetables to pose a health
risk raising the need for its effective removal from fruits and vegetables and educating consumers about thisrisk.
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INTRODUCTION

Food production and preservation is an importaniasdssue of increasing concern from ancient tonavards and
deserves allocation of more research efforts testigate the preservation of fresh fruits and \adges. As per
National Food Safety Database of Wax Coatings ait$-and Vegetables, US, 1914 [1], waxing is veygnmon in

fruits and vegetables for different roles and aggtions and summarized in Table 1. Major losseguality and

guantity of fresh fruits which occur between hatvaasd consumption can be overcome by coating @mnitprovide
an alternative to storage by reducing quality clesngnd quantity losses through control of inteatalosphere of
the individual fruit.

Table1: Fruitsand Vegetables Coating: Rolesand Applications

S.No. Roles Applications
1 Retain moisture in fruits and vegetables Maintdirolesomeness and freshness
2 Inhibit mold or bacterial growth Extended shi# |
3 Enhance appearance Consumer attraction
4 Prevent physical damage Prolonged transit ardirfgpperiods
5 Protect fruits & vegetables from bruising Conpodmature rottening
6 Maintain texture Delay ripening
7 Reduce weight loss Slow decaying
8 Minimize discoloration Avoid aroma loss
9 Inhibit oxygen penetration Barrier gas exchangb external environmen

Along with fruits and vegetables, waxes are alssdusn candies, pastries and gum extracted fronralagaurces
like plants, food-grade petroleum products, dairgt animal sources or insects (bees wax) and sHedflsed wax or
resin. Waxing does not improve the quality of amferior fruit or vegetables; rather, waxing alowgh proper

handling contributes to maintaining a healthful quct. Extensive research by governmental and tfiden
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authorities has shown that approved waxes (whicét meet the food additive regulations of conceategtcountry)
are safe to eat and indigestible, which means tjeethrough the body without breaking down or beahgorbed.
One notable features of wax coating is that, incafe removed by regular washing/evaporation dubeir higher
boiling point and may turn white on the surfacdraits or vegetables, if they have been subjeatesiktessive heat
and/or moisture. This whitening is safe and is kinto that of a candy bar that has been in theziefor extended
period of time.

However, waxes by themselves do not control dedfer, they are combined with some chemicals ¢évemt the
growth of mold or bacteria. One such chemical ispholine and its derivatives (MAID) such as 4-(4iaophenyl)
Morpholine [2], 4-(2-Aminophenyl) morpholine [3] drBenzophenone-N-ethyl Morpholine ethers [4]. Mgst
waxes are used only in tiny amounts and each miteaxed fruit only has a drop or two of wax. Wsaxaay be
mixed with water or other wetting agents like male to ensure that they are applied thinly aneinéy In brief,
morpholine reacts readily with fatty acids, formiegulsifying agents, which are used in the formarabf water-
resistant waxes/polishes. As the film of polishutsion gradually dries and morpholine evaporate®itm a film
highly resistant to water spotting and deterioratidn example of this type of polish is a carnaulz formulation
with the following composition (in parts by weigh€§arnauba wax: 11.2, Oleic acid: 2.4, morpholir ¥Vater 67
[5]. Some more different formulations incorporatmgariety of waxes and other substances are lstéxlv (Table
2).

Table 2: Different formulations of wax of commercial origin

S.No Formulation Components Concentration (%)

1 Oxidized polyethylene 18.6
Oleic acid 3.4

Morpholine 2.8
Polydimethylsiloxane antifoam 0.01
2 Candelilla wax 18.3
Oleic acid 21

Morpholine 2.4
Polydimethylsiloxane Antifoam 0.02

3 Shellac 95
Carnauba wax 8.3

Morpholine 3.3

Oleic acid 1.7
Ammonia 0.17
Polydimethylsiloxaneantifoam| 0.01

4 Shellac 19
Oleic acid 1.0

Morpholine 4.4

Ammonia 0.3
Polydimethylsiloxane antifoam 0.01
5 Shellac 13.3
Whey protein isolate 3.0
Morpholine, 3.1

Oleic acid, 0.7

Ammonia, 0.2
Polydimethylsiloxane antifoam 0.01

MORPHOLINE: INDUSTRIAL POLLUTANT AND FRUITSVEGETABLES COATING

Morpholine was included in EPA (Environment Proi@ttAgencies, US) master list for toxic substanoastrol act
in 1996 (61 Fed. Reg. 65936, 13 Dec 1996) and Edfistered pesticides (EPA inert ingredients list &3d is
designated as a volatile organic compound (VOC). [8% per OSHA (Occupational Safety and Health
Administration, U.S. Dept of Labor), the permissilgixposure limit (PEL) of morpholine is 20ppm [Wlorpholine
is colorless, clear and hygroscopic liquid of masxamwater content of 0.3% [8] with an annual productof
~25,000 tons [9, 10]. It has characteristic fumtal group of amines and ether. Now a days, dtfaer fruits and
vegetables coating, morpholine and its derivating lzeing used in various industries namely, rubbgustry (as
vulcanization accelerator), iron industry (as ceiwa inhibitor), pharmaceuticals industry (as oatt, antioxidants,
bactericides), dyes industry, personal care (hamditioner, face wash, waxes and polishes) pessciddustry,
refinery & power plants (as additive in stream egstto adjust the pH levels in water), paper inquéls optical
brightener to make paper glossy and preservatiomook paper), textile industry (to dissolve celkgd and as a
solvent in various other manufacturing processescaBse of its solubility in water, significant amtsiof this
chemical compound are released via industrial efisi into the environment where it undergoes chanoc
microbiologically nitrosation leading to formaticof the carcinogenic compound-nitrosomorpholine (NMOR)
(detail in below). It was also reported that moipt®is found in baked ham (0.20 ppm) [11], fiski€8.6 ppm in
canned tuna) [12], Fruits/Vegetables coating (Oeamglp 5-71.1mg/kg, orange peel 0.3 mg/kg; [13] eigdrettes
and cigarette smoke condensate/snuff (0.3 mg/kdy) 18] and can enter our body through absorptioouth the
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skin, ingestion and other exposure routes, if irpprty, handled or consumed directly. The type s@derity of
symptoms of morpholine toxicity vary depending ba amount of morpholine and the nature of exposire.link
between industrial discharge containing morphoéind direct consumption of coated fruits/vegetaideshown in

Figure 1.
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AVAILABILITY OF MORPHOLINE AND ITSNITROSATION (NMOR)

Morpholine and its salts have been used as compooéprotective coatings applied on fruits andetafles [16,
17]. There are many reports about the presenceogsholine in different fruits and vegetables. Ohnit al., 1983
[13] found morpholine at concentrations of < 71.f/kg in the peel of retail citrus fruits (orangemon and
mandarin) in Japan while the in the pulp (flesh}re fruits was much lower, being < 0.7 mg/kg (EaB). If the
fruits were washed in washing-up liquid, morpholt@ncentrations were reduced, but only by about.25%n
when the fruit was boiled for 20 minutes, a thiodat quarter of the morpholine still remained. Maigte leached
by these processes was detectable in washing dlwgbeater. Recently, Rupaét al., 2016 [18] also quantified
the presence of morpholine in some fruits and \adgles purchased from super market, Hyderabad, bslghown
in table 3.

Figurel: Interlink of morpholinein industrial effluents and fruits/vegetables coating

Table 3: Morpholine content in fruits and vegetables

Sample Part| No. of sample  Morpholine Concentrating/kg) | Referenceg
Orange | Peel 12 ND-57
(Variety a) | Pulp 03 0.2-0.7
Orange | Peel 06 5.0-71.1
(Variety b) | Pulp 01 0.3 [13]
Mandarin | Peel 02 16.1-18.0
Pulp 01 ND
Lemon Peel 02 ND-5.2
Pulp 01 ND
Grape Peel 02 2.8-7.0
Pulp 01 ND
Tomato Peel 02 0.17 [18]
Carrot Peel 02 18
Capsicum | Peel 02 0.34

Where a and b variety of Orange, N.D. = not detectable with detection level of 0.2 mg/kg

Sen and Baddoo, 1989 [19] reported the morpholiieNMOR content of waxed and un-waxed apples ofa@Gim
origin obtained either direct from the packers mmmf retail sources. Apple homogenates and liquidesavere
analyzed for morpholine contents and are showralimet4. Although the concentration of morpholinerfd in
waxed apples was high, NMOR could not be foundrig af the waxed or un-waxed samples.
morpholine in the un-waxed apples could be dueotdammination during packing or transport. Morphelaamounts
similar to those found in orange pulp [13], haveréound in cigarette tobacco, at a concentratiod.® mg/kg,
and in snuff and chewing tobacco at concentratignso 4.0 mg/kg respectively indicating that bothokers and

Low levels of

nonsmokers are at an equivalent risk for developiugcer by NMOR. Brunnemaetnal., 1982 [15] analyzed 10
popular snuff brands from USA and Sweden for molipeoand NMOR (shown in Table 5). In five USA brand
morpholine and NMOR concentrations was betweerd105mg/kg and ~0.7 mg/kg respectively and in Swedis

products, these concentrations were between 0.2#ndhg/kg and 0.044 mg/kg respectively. NMOR foadniy
nitrosation from morpholine was found in 5/5 of UGAd 2/5 of Swedish snuff samples.
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Table4: Concentration of morpholineand NMOR in liquid waxes, waxed and un-waxed apple

Sample Number of sample  Morpholine Concentratiog/kg) | NMOR Concentratior] Reference
(mg/Kg)

300 27 0.286

500 31 0.668

Liquid wax 400 24 0.138

500 38 0.277

500 22 0.152

300 33 0.585

300 ND ND [19]

500 0.118 ND
Un-waxed apples 400 0.016 ND
500 0.041 ND
500 ND ND
300 0.018 ND
300 43 ND
500 4.9 ND
Waxed apples 400 6.3 ND
500 7.1 ND
500 4.0 ND
300 7.7 ND

Where N.D. = not detected with detection limit is 0.005 mg/kg for morpholine and 0.0005 mg/kg for NMOR

Table5: Morpholineand NM ORconcentration in snuff tobacco/cigar ette

D

Snuff tobacco Reference
Concentration Snuff brand Snuff brand
(mg/kg) (USA) (Sweden)
| 1] 1] \ \ [ 1] 1] IV \% [15]
Morpholine 2.8 15 4.0 3.2 2.2 082 0j2 08 0j925
NMOR 0.024| 0.69] 069 068 0031 0044 ND ND O0/0IDN
Where N.D. = not detectable with detection limit is 0.002 mg/kg

HEALTH HAZARD ASSESSMENT OF COATED FRUITSAND VEGETABLES

As per 2008 summary report of the Health Hazarcesdssent (HHA) on “morpholine in wax coatings of lagp
by Health Canada [20], fruits and vegetables cgadire not free from amine and in the presence oé&xnitrite,
formed mainly from naturally-occurring nitrate imetdiet, morpholine can be chemically nitrosatefbton NMOR.
Formation of NMOR is well known in aqueous solusasf nitrite or by reaction of gaseous nitrogendesi, e.g.,
N,O;, N,O,;, NOx in aqueous solutions even under normal enwiental conditions [21-25]. The reaction is
summarized as described by Mirvighal., 1975 and 1988 [21, 22] in Figure 2 shown below:

2 HN02 = N2 03 + H 2 O
+
N203 —_— NO + NOz'
/ N / \ +
OMorpholine pJH 4+ NO YT === O Nmor NNO + H
N N

Figure 2: Nitrosation of Morpholineto form NMOR

The unanswered question till date is whether SefitctNMOR can be produced after ingestion in humsmpose a
tangible health risk or not? The possibility thadrpholine might be nitrosated by humans to form NR@uring
digestion has been investigated indirectly as tier® direct human data on the nitrosation ratenofpholine to
NMOR. By direct consumption of coated fruits angj@®bles, morpholine and its derivatives passgutoand the
secondary amine functionality inevitably leads itrosation and formation of NMOR. Indeed nitroeatiof
morpholine was reported when morpholine was addddiman saliva and NMOR was formed [26]. After aradl
parenteral administration or after inhalation, ntarme is well absorbed and is distributed in Etties and body
fluids. Animals exposed to morpholine showed lieed kidney damage [6]. There is direct relationdiépveen
morpholine consumption to development of liver étrley cancer, impaired liver or kidney function animal
model because of the biotransformation and detmtifin of foreign substances and hence increassmbpgtibility
to effects of morpholine (Table 6).
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Table6: Adverse health effects of mor pholine administration at different dosesto animal models

NS(; Animal Model Route Dose Effects Observed References
Guinea-pigs and Dermal . . .
rabbit application 0.9 g/kg bw Necrosis of liver & tubules of the kign -
Guinea-pigs and Single oral ) . "
2 rats administration 0.1-10g/kg bw Hemorrhages in stomach and smabtimie
3 Guinea pigs Oral, 30 days 0.5 g/kgbw Necrosigsef and renal tubules
Inhalation up to 1200 or 1800 ppm . ) .
4 Rats 42 hr (42720 or 6400 mg/f) Liver and kidney necrosis 28]
5 Blue vision, grey vision or haloes, glaucopsia
5 Rats In d'eé:;t:r 210 1 g/kg Fatty degeneration of the liver
In diet for 12 5g morpholine togethe 6/7 Hepatocellular adenoma, 1/7 carcinomas, 1/f
6 Female Spraque weeks with 59 nitrite/kg renal adenoma, 2/7 hemangio-endotheliomas of liver, [29]
prag bw/day 1/7 cyst-adenocarcinoma of liver
DawleyRats -
39 weeks 5g m_or_phohne or 5g _ _
nitrite alone No tumors in any tissue

Where Kg bw: kilogram body weight

Based on HHA conducted chronic oral toxicity studlyat and mice No Observed Adverse Effect LeveDAYEL)

is an Acceptable Daily Intake (ADI) of 0.48 mg/kgloay. When not considering the potential for nistasn,
morpholine exposure for children and adults is ai88a (0.0384 mg/kg bw/day) and 5% (0.024 mg/kg lay)dof
the ADI respectively, seems to be safe and notuaecéor any concern. Although it is assumed thatet is some
probability of harm at any level of exposure toengtoxic carcinogen, actual exposure may be sothaw the
health risk is practically negligible. Regardinge tpresence of NMOR on apples coated with wax coimtgi
morpholine--No NMOR was determined to be presenthmse apples, and even no NMOR was formed when
morpholine and nitrite were combined in experimardsducted in the presence of apple flesh. Fronestienated
morpholine exposure, the possible endogenouslyddrMMOR was estimated to be 2.2 and 3.6 ng/kg bwiolia
adults and children, which is less than the estohaafe dose of 4.3 ng/kg bw/day. Uncertaintighim estimate of
NMOR formation include the physiological differescdetween humans and rats and actual levels dfenitr
consumed. It is unreasonable to assume that thesertainties would actually increase the estimatddOR
formation in the human gut.

Appropriate literature where rats exposed to moliiphoand nitrite showed fore-stomach tumors andeioth
carcinogenic properties has been added, e.g. Miset al., 1983 [30] reported the liver and fore-stomach ttsno
and other fore-stomach lesions in rats treated withrpholine and sodium nitrite. Kitangt al 1997 [31] also
reported the carcinogenicity of methylurea or mofjste in combination with sodium nitrite in rat ntiubrgan
carcinogenesis bioassay. In a study, after orakrirent with N-nitrosomorpholine, the carcinogeniogerties of
this substance were studied in rats, mice, hamstacs various types of fish and as a result, lasgd lung cancer
were reported in mice, liver and kidney canceratsrand liver cancer in hamsters [32]. Zarel 2015 [33]
reported that morpholine stress causes changdeadd parameters, increased filtration, decreasads@ption and
absorption, weight loss, inflammation, hyperemidnary tract reconstruction and resulted polyurndNiMRI male
albino mice. The phenomenon known as blue visioay gision or haloes, “glaucopsia” is also well dognted
effect on eyes of workers exposed to amines, imetudanorpholine and its derivatives, particularly the foam
plastic industry [34, 35]. Corneal oedema with “hadsion” and halo phenomena around lights have alsen
described when there was morpholine exposur [3iBlceS no epidemiological studies of morpholine héveen
conducted and no data were available from humatieston the carcinogenicity of morpholine. The alldiARC
(International Agency for Research on Cancevgluation was that morpholine was not classifiafue its
carcinogenicity to humans [37]. As no direct dabmw in-situ formation of NMOR as a human carcinoge
available but it was found that prevalence of ligancer has risen after the introduction of morjigoin UK.
Morpholine was introduced in United Kingdom (UK)late 1970 and gradually it was used intensivelgifferent
industries. Exposure of morpholine through variooste results adverse health effect which mighbbe of the
reasons (insufficient literature) other than phiggiecal cause of higher incidence of liver cancgishown in figure
3 as per Cancer Research, UK report, 2010 [38J¢ndd in October 2010, UK Food Standards Agency [i2@]
undertaken an initial risk-assessment of morphatimated fruits/vegetables and found that morphdingne levels
detected, 0.03-0.3ppm, is likely to be of a lovk tis consumer health. Therefore the use of morpkas prohibited
in UK and European Union (EU) member countries. E&0d standards agency banned the import of apphe fr
Chile because it was found to have about 2ppm aophwine and advised that affected apples shouldeamn sale
in the UK.
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Figure 3: Prevalence of liver cancer asper Cancer Research, UK report, 2010 [38]
CONCLUSION

Even today, fruit and vegetables can be harvegteecked, and stored with the use of waxes and tremsnarket
from remote locations. Since many of fruits andetables are typically peeled and washed, only ademmon
fruits and vegetables present such a problem. Miimeh as a common emulsifying agent in the dosas dine
present in fruits and vegetables probably doesoostitute a health risk. However, during the digesprocess, if
there are nitrites simultaneously present, morpieois chemically changed into potential carcinoy®hOR. The
estimated safe lower limit for NMOR is 4.3 ng/kgdyoweight per day. It has been estimated that thrits,
consuming waxed apples and a mixed diet, NMOR timesan approach (3.6ng/kg body weight) the loliveit of
safety [40]. However, these estimates did not digtmeeasure NMOR formation in humans and nitritgdstion is
quite variable in humans. Hence, it is entirely gdole that chronic consumption of waxed fruit arebetables
containing morpholine could present a slight riskdancer in certain individuals. Considering tffeas observed
in the reported literature, the use of morpholihewd be limited or minimal through increasing swigon on its
applications. So its monitoring is highly recommeddnd also educates the consumer about its hefttis.

Acknowledgments
The presented review in this article is from theDPihesis which was supported financially by thetitoge
fellowship BITS-Pilani, Hyderabad Campus, India.

REFERENCES

[1] National Food Safety Database, US. Wax Coatings Bruits and Vegetables http://www.
foodsafety.org/sf/sf003.html 1914.

[2] Panneerselvam P, Nair RR, Vijayalakshmi G, SubraamaBH, Sridhar SK. Synthesis of Schiff bases ¢#-4-
aminphenyl) morpholine as potential antimicrobigéats Eur J Med Chem., 2005: 40(2):225-29

[3] Panneerselvam P,Karikalan M. Synthesis, Charaat@iz &Antibacterial, Antifungal activities of Sdhibases
of 4—(2-aminphenyl) Morpholines, Int. J. Pharma & Bc., 2011: 2(1): 267-72

[4] A. Bushra Begum, Noor Fatima Khanum, V. Lakshmi ggaratha, T. Prashanth, Mohammed Al-Ghorbani, and
Shaukath Ara Khanum, “Evaluation of BenzophenonetiNd Morpholine Ethers as Antibacterial and Amntidal
Activities,” Journal of Chemistry, 2014: vol. 20146 Article ID 941074

[5] Dow Chemical Co. Morpholine, Midland, MI1.1985

[6] Morpholine  was included in EPA  (Environment Proimtt Agencies, United  State)
https://lwww.ams.usda.gov/sites/default/files/mddiaph%20Technical%20Advisory%20Panel%20Report.pdf
[7] Morpholine - Occupational Safety and Health Adnthaigton (OSHA).
https://lwww.osha.gov/dts/chemicalsampling/data/CE5600.html

[8] Product information of Morpholine, Global Trust Enirises, UAE.
http://globaltrustenterprises.blogspot.in/2011/884:0f-morpholine.html. 2011

[91 WHO, Morpholine: health and safety guide. World He&®rganization, Switzerland, 1995.

[10]Worldwide morpholingoroduction  is  estimated at nearly 25,000 tpesyear  http://eawag-
bbd.ethz.ch/mph/mph_map.html, 2014.

37



Rupak Kumar Int J Med Res Health Sci. 2016, 5(9):32-38

[11]Hamano T, A. Hasegawa, K. Tanaka and Y. Matsulsimple and selective gas chromatographic method was
established for determining naturally occurringos®tary amines, Agric. Biol. Chem., 1981: 45(1®32-2243.
[12]Singer GM, Lijinsky W. Naturally occurring nitrosdtle compounds. |. Secondary amines in foodstuffs.
Agric Food Chem, 1976a: 24(3):550-553.

[13]Ohnishi T, Kubota M, Okada A& Tonami K. Residuahgy investigation and removal efficiency by waghin
with kitchen detergent of food additive morpholikkuriku KoshuEiseiGakkaishi, 1983: 10: 63-67.

[14]Singer GM, Lijinsky W. Naturally occurring nitrosdtle compounds. Il. Secondary amines in tobacco and
cigarette smoke condensate. J Agric Food Chem,lit @243):553-55.

[15]Brunnemann KD, Scott JC & Hoffmann D. N-nitroso-iplooline and other volatile N-nitrosamines in snuff
tobacco. Carcinogenesis, 1982: 3: 693-696.

[16]Ohnishi, T. Studies on mutagenicity of the fooditidel morpholine (fatty acid salt), Jpn.l, Hyg.,8® 39:729-
48.

[17]US FDA. Code of federal regulations - Title 21, tPHF2.235: Morpholine. Washington, DC, US Food and
Drug Administration, 1988: 33-35

[18]Rupak Kumar and Suman Kapur. Morpholine: A Glazkgent for Fruits andVegetables Coating/Waxing..
International Journal of Science Technology & Eegiing, 2016: 2 (11) 694-697

[19]1Sen NP andBaddoo PA. An investigation on the ptsgbesence of Morpholine and N-nitrosomorpholine i
wax-coated apples, J Food Safety, 1989: 9:183-91.

[20]A Summary report. The Health Hazard Assessment (HéfAMorpholine in Wax Coatings of Apples by Food
and Nutrition Department, Health Canada, Canadhi3.20

[21]Mirvish, SS. Formation of N-nitroso compounds: Clstry, kinetics and in vivo occurrence,Toxicol. App
Pharmacol. 1975: 31: 325-51.

[22]Mirvish, SS, Ramm, MD, Sams, JP and Babcock, DMrdsamine formation from amines applied to the skin
of mice after and before exposure to nitrogen diexiCancer Res., 1988: 48: 1095-99

[23]Challis, BC and Kyrtopoulos, SA. The chemistry @faso-compounds. Nitrosation of amines by the phase
interaction of amines in solution with gaseous esidf nitrogen. J. Chem. Soc. Perkin Trans., 187209-304.

[24] Schuster, RH, Nabholz, F and Gminder, M. The itibibiof the formation of N-nitrosamines: Part 1.eTh
situation and the effect of alpha-tocopherol. Kelit&kGummiKunstst, 1990: 43:95-106.

[25] Sielaff B, Andreesen JR, Schrader T. A cytochromd&Pand a ferredoxin isolated from Mycobacterium sp
strain HES after growth on Morpholine, Appl.MicrobBiotechnol., 2001: 56(3-4):458-64.

[26] Tannenbaum, SR, Archer, MC, Wishnok, JS and Biskdjy,. Nitrosamine formation in human saliva, J. Natl
Cancer Inst., 1978: 60(2), 251-53.

[27]The International Agency for Research on Cancemagoaphs on the evaluation of the carcinogenic oisk
chemicals to Humans, World Health OrganizationGanev 1978: Vol. 17, 199-213
http://monographs.iarc.frfENG/Monographs/vol47/ménd. 1. pdf

[28]Shea, TE, Jr. The acute and sub-acute toxicityayphmoline, lind. Hyg. Toxiol., 1939: 2, 236-245.

[29] Sander J and Burkle G. Induction of malignant turean rats by simultaneous feeding of nitrite aadondary
amines, Z Krebsforsch, 1969: 73:54-66.

[30]Mirvish SS, Salmasi S, Cohen SM, Patil K, MahbadgbLiver and forestomach tumors and other forestdma
lesions in rats treated with morpholine and sodinitnite, with and without sodium ascorbate J Na#dnCer
Inst.1983:71(1):81-5.

[31]Kitano M, Takada N, Chen T, Ito H, Nomura T, Tsuda Wild CP, Fukushima S. Carcinogenicity of
methylurea or morpholine in combination with sodiunitrite in rat multi-organ carcinogenesis bioassiyn J
Cancer Res.,1997: 88(9):797-806.

[32]Wishnok JS, Tannenbaum SR. Formation of cyananfides secondary amines in human saliva. Science
1976: 191(4232):1179-80

[33]Zare K, Adeli HR, Naeimi N , Naghizadeh A. Influenof morpholine on changes in kidney tissue andewhi
blood cells of NMRI male Albino mice, JOHE, Wint2015; 3 (1): 51-61

[34]Mastromatteo, E. Recent occupational health expegin Ontario. J. Occup. Med. 1965: 702: 505-511.
[35]Jones, W. T., Kipling, M. D. Glaucopsia — blue gkésion. Br. J. Med. 1972: 29, 460-461

[36]Grant, W. M. Toxicology of the Eye, 3rd ed., Spfialg, IL, C. C. Thomas, 1986:75-76, 642.
[37]11ARC(International Agency for Research on Canck®rpholine. In: Some organic solvents, resin mon@me
and related compounds, pigments and occupatiompaisexe in paint manufacture and painting, Lyorermational
Agency for Research on Cancer, 1989: 199-213 (IA®&hographs on the Evaluation of Carcinogenic Ritgks
Humans, Volume 47).

[38] http://www.cancerresearchuk.org/health-professicaakter-statistics/statistics-by-cancer-
typellivercancer/incidence?dclid=CNi95d3w9M4CFZOediZtoAzwi#trends?utm_source=affiliate_window&utm_
medium=affiliate&utm_name=online_retail&utm_contewtvw.skimlinks.com

[39] http://tna.europarchive.org/20130513091226/httputfood.gov.uk/newsupdates/news/2010/oct/morph2

[40] https://mama2twinboys.files.wordpress.com/2013f08/and-vegetables-waxes.pdf

38



