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Surfactant Protein D in Immune
Surveillance Against Cancer

Gargi Thakur, Lakshna Mahajan, Anuvinder Kaur, Roberta Bulla,
Uday Kishore, and Taruna Madan

'

Introduction _ ¥

Pulmonary surfactant protein D (SP-D) is a multi-fygCtion :%ﬁaltem recognition

including allergy (Madan et al. 1997a, b; Borro ‘
Takeda et al. 2003; Pandit et al. 2016). The immun¢
are reliant on its the domains: the C-termin
hydrate recognition domains (CRDs), angd

§ region, also called as carbo-
26l1agen-like region (CLR) connected
, 72005; Waters et al. 2009). SP-D
directly interacts with monocytes/maérophages and enhance or suppress inflamma-
tory mediator production dependinonith€ binding of either of these two domains
(Gardai et al. 2003; Ledford et%l” 2014). Experiments using murine models of
allergy of pulmonary hypgg itivity showed that SP-D (or a recombinant frag-
ment of human SP-D containing trimeric neck and CRD region; rfhSP-D) treatment
reversed hypersensilivii_y response by lowering blood and pulmonary eosinophilia
specific IgE levels,and ashift in cytokine profile from Th2 to Th1 type in the spleen
cell culture (Ma@n et al. 2001; Singh et al. 2003). This was further confirmed by
the negatiye r%ﬁin_@on of allergic eosinophilic pulmonary inflammation and airway
funct'on‘tv‘iih intratracheal administration of SP-D in the ovalbumin-induced murine
modeﬁw@: allergy (Takeda et al. 2003). The eosinophilic inflammation of the
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, . everity of asthma (Winqvist et 5]
airways has been directly correlated with h (S)C\ grll’l)ll) knock-out (SP-D™~) mice
1982: Duncan et al. 2003; Bousqeut et al. 199")- hilia. Reconstituting the levels
showed elevated peripheral and pulmonary COS”}fipmiCe reduced eosinophilia con-
of SP-D by intranasal administration in the .SP-D llergen sensitization was consis-
siderably. The susceptibility of SP-D =~ mice (0 a C’% 2005). These observations
tent with severe pulmonary eosinophilia (Madan et al. ‘

; - inophils.
implicated a direct interaction of SP-D with the eosinoph

t

Eosinophil Leukemic Cells
Interaction of SP-D with Human Eosinophilic Leukemic &
Cell Line O

Direct interaction of SP-D with human eosinophils inhi egta Xindriggered che-
motaxis and eosinophil cationic protein (ECP) lab‘ﬁ\gmulated by Ca2*
ionophore in the eosinophils derived from healthy donofsgvon Bredow et al. 2006).
Our group also showed a CRD and dose dependeﬁ%indif SP-D (and rfhSP-D)
to human eosinophils (Mahajan et al. 2008a, b). SR-D resulted in a significant
increase in oxidative burst and CD69 expres?o@ﬂ@g%nophils derived from symp-
tomatic allergic asthmatics; in addition, SP-Dtredtment induced apoptosis in these
activated eosinophils in vitro. The viabjlity f €68inophils from healthy donors was
not affected following SP-D or rfh P-Dytreatment. However, eosinophils from

healthy donors, following priming=wit 15, showed apoptosis with rfhSP-D treat-

ment (Mahajan et al. 2008a, b)» AML14.3D10 cel] line, an advanced differentiated
eosinophilic leukemic cel%qex ibits autocrine activation of the intracellular

IL-3/GM-CSF/IL-5 signaling pathiways (Baumann and Paul 1998; Paul et al. 1997).
The interaction of SP-Q with AML14.3D10 cells was examined in view of the abil-
ity of SP-D to selectively“induce apoptosis in the sensitized eosinophils. Native
SP-D, purified fro lhé‘?lung lavage obtained from alveolar proteinosis patients, as

"
5

well as rfiSRID boh showed dose and calcium dependent binding to AML14.3D10
cells. This binding was inhibited in the presence of cellular debris (known to inter-
act wiihl,CR]éﬁof SP-D) suggesting the involvement of CRD region of SP-D in bind-

ing to AMIZ14.3D10 cells (Mahajan et al. 2013).

Cell Cycle Arrest of Leukemic Cells

The hypotonic propidium iodide (PI) assay was used for cell cycle axlaly§i§ by ﬁqw
cytometry. The assay is based on measurement of DNA content by staining with
PI. The rfhSP-D induced nuclear changes in the AML14.3D10 ce!ls and leq to zlccu;
mulation of cells in the G2 phase. There was more than 20-fold increase in the G2

4
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population of cells suggesting G2UM cell eycle agpen (M
treatment also increased the sub G peak, ie. (e pres
suggestive of the cell apoptosis. The constant prege

ahajan et 4, 2013). The
ence of fragmented DNA .
hee of ifhSP-D was required 1

induce cell apoptosis and the sustained downstreqy, events leading 1o the cell deathy

(Mahayan et al. 2013).

Induction of Apoptosis :

rfhSP-D treatment for 24 h caused significant G2/M ce cyclearrestin AMLI4.3010
cells; however the cell viability was not sigmﬁ(;;,,,”y affected at this fim,: poin!
Thus, Annexin V-FITC assay (Zhang et al, 1997) was, used 1o allow the digectgvaly
ation of Phosphatidylserine (PS) externalization, 4 very carly stage marker of apop
tsis; a significant increase in the annexin-V positjye cells was, o eryedfollowing
treatment of AML14.3D10 cells with rfhSP-ID at 44 1, (Mahai n"qﬂﬂm 3), Other
assays including  3-(4,5-dimethylthiazo)-2y1)-2 5. 4; f&?mlium bromide
(MTT) assay as well as Trypan blue dye exclusion 4 wed a dose- and time.-
dependent decrease in the viability of fhSP-D trealed AMLIA.3D10 cells, NAD(P)
. H-dependent enzymatic reduction of MTT 1o M| IHfogmazan by Mitochondrial suc
cinate dehydrogenase indicates well-being ole]‘cL:,ch]s with respect 1 respiration
and mitochondrial level (Mosmann 1983). 'l‘@ﬁi»"’;?kfzf)ndrial respiration efficiency
of AML14.3D10 cells started to decline significatly by 48 h, At 72 b, nearly half of
rfhSP-D-treated AML14.3D10 cells bp;)Wbé\]\chrcw,L in vxablhty by MTT assay, At
this time point, the rfhSP-D lrcm%d _L,',éll.:)‘;farlul to show DNA fragmentation, sug-
gesting the progression of cells towards apoptosis (Riccardi and Nicoleui 2006),
The trypan blue staining dcrg strated that ~20% cells had lost the membrane integ-
rity by 72 h. Thus, analysis,of fbSP-D treated cells by different assays at various
time points such as rcgﬂeffdmrawllular oxidative burst, G2/M cell cycle arrest,
increased levels of activaled'p53, cleavage of caspase-9 and PARP, and PS external-
ization suggest thgcq

ntial induction of events observed during rfhSP-D induced
apoplosis, in @ﬂ )10 cell line (Mahajan et al. 2013) (Table 1),
4
Deciphering the Proteome and Phosphoproteome of SP-D
Treated Eosinophilic Leukemic Cells

SP-D has immunomodulatory effects on a range of immune cells, including B- and
T-lymphocytes, macrophages, dendritic cells and cosinophils (Singh et al. 2017: Lin
et al. 2010; Brinker et al. 2001; von Bredow et al, 2006; Mahajan ct al. 20084, b),
The large-scale molecular changes initiated by SP-D in a human cell were thus stud-
ied, for the first time, using proteomics approach, Comparative analysis of fhSp-D
(10 pg/mL for 48 h) treated AML14.3D10 cells showed a total of 134 proteins with
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a three-fold or more change in the expression (Mahajan ct al. 2014). The important
observations on protecomic profile of rfhSP-D treated AML14.3D10 cells included
increased expression of oxidoreductases and stress-related molecules, and decreased
expression of survival related proteins such as high-mobility group Al (HMGAI)
(Mahajan et al. 2014). In addition, the mitochondrial anti-oxidant defense system
was found compromised in the rfhSP-D treated cells. There was a decreased expres-
sion of Ubiquinol-cytochrome ¢ reductase (complex III of ETC), Peroxiredoxin 3
isoform b and Mitochondrial matrix superoxide dismutase. This is likely to cause
mitochondrial dysfunction, and hence, triggering of the intrinsic pathway of apopto-

sis (Turrens 2003).

Elucidation of Apoptotic Mechanisms

An important mechanism by which SP-D contributed to anti- cukemw activity was
the reduced expression of survival related proteins, G I%an oncogenic tran-
scription factor that is over-expressed in various high-gradé ‘malignancies (Chiefari
et al. 2013; Pierantoni et al. 2007; Hillion et al. 2008; Fe éle et al. 2005). Inhibition
of HMGAI1 expression has been shown to block ghe type - transformation in many
cancer cells (Scala et al. 2000) HMGALI is % to *inhibit the function of p53
family members, i.e., oncosuppressors, in cance ls (Pierantoni et al. 2007). p53
is a tumor suppressor protein and plays<a ajgr ole in cellular response to DNA
damage or other genomic aberrations: Acfivation of p53 may lead to either cell
cycle arrest and DNA repair, or qsis#(Chen 2016; Wang and El-Deiry 2007).
The decreased expression of H % in the rthSP-D treated cells correlated with an
increased level of p53 acti @ﬁon phosphorylation of pS3 at Serl5 (Mahajan
. l%l,erogeneous nuclear ribonucleoprotein K (hnRNP
K), known to be mduced byestress, was found to be upregulated. hnRNP K is
required for the mducUon of p53 target genes (Moumen et al. 2005; Mahajan et al.
2014). An mcreased level of p21 was also observed in rfhSP-D treated AML14.3D10
cells. Th% 1ncLeaqed 1évels of activated p53 and p21 expression are known to inacti-
vate cyclin: —cdc2 complex that regulates G2/M transition and leads to either DNA
repaifigr apoptosm (Stewart et al. 1995; Bunz et al. 1998). The rfthSP-D treated cells
also showed an increased Tyrl5 phosphorylation of cdc2, suggesting activation
block of the cdc?2 (Liet al. 2011).

Treatment of AML14.3D10 cells with rfhSP-D resulted in the activation of cas-
pase-9, a hallmark of the intrinsic pathway of apoptosis (Elmore 2007). Once initi-
ated, caspase-9 goes on to cleave procaspase-3 or procaspase-7, which in turn,
cleaves several cellular targets, including Poly (ADP-ribose) polymerase (PARP), a
well-known marker of apoptosis (Walsh et al. 2008). Although, PARP was found to
be cleaved in the rfhSP-D treated cells, cleavage of caspase-7 was not observed
(Fig. 1). This indirectly suggests that an intermediate activation of caspase-3 may be
leading to the cleavage of PARP.
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Fig. 1 Predicted steps of SP-D induced apoptosis of
leads to oxidative stress

and reduction in the levels of HM ner
phosphorylation of P53 (Serl5) and P21 levels. Cde2 photh horylation contributes to inhibition of
Cde? leading to arrest of cells in G2/M phase f llo@

AMLI4.3D10 c8lls. Treatment with rfhSP-D

poptosis and cell death

Validation of Anti-Cancer Acti
Cells s

HMGAL is over—expresse%nl‘(@rious high-

(acute myeloid leuken£3 L (acute lymphoig leukemia) and Burkitt’s lymphoma
(Fusco and Fedele 2007). We found that i i

HMGA1 expressi%n, ML (AML14.3D10 cell and THP-| cell li

P-D in Other Cancer

S

! ne), ALL (Jurka
and Raji) and é]ﬁ’%?{nb cast epithelial cell line (MCF-7) demonstrated 3 significant
decreaseéigw& € viability of cells on tre

| atment with rfhSP-D, although, rfhSp.p
treatxggnt did.not affect the vighyJ; isolated from healthy donors. The

Pro-apoptotic Effects of rfhSp.p on Pancreatjc Cancer CeJ
Lines

In view of the above-mentioned
importance in pancreatic cancer
binds evenly in clusters o the ce

observations, thSP-D
The fluorescence anal
Il membrane of three

has beep eXamined for jtg

Ysis revealed that rfhSP-D
Pancreatic cancer cel) lines,
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Panc- 1, MiaPaCa-2 and Capan-2. No CY5 fluorcscence was detected in the untreated
controls suggesting the rfhSP-D binding observed in the treated cell lines was pro-
tein-specific. To determine whether rfhSP-D influences the cellular morphology and
epithelial-to-mesenchymnl gransition (EMT) phenotypic expression, We treated a
highly invasive pancreatic cancer cell line (e.g., Panc-1) with exogenous rfhSP-D
(Kaur et al. 2018a).

‘

rfhSP-D Induces Morphological Alterations in the Pancreatic
Cell Line Panc-1 p

&
The optimal dose was determined by observing the effects of rthP-I%fﬁn,_géll mor-
phology and cell division of Panc-1 cells incubated with 0, 5, 10, d 20 pg/
mL. Images of colonies of 10-15 cells were taken at 0, 6 and 24 I’ Panc-1 cells,
treated with rfhSP-D (5 pg/mL) and untreated cells, acquire indle£ype cell mor-
phology, reduced cell-cell contact, and continued to Avide time dependent
manner. No such alterations wWere seen in Panc-1 cells 1 with rfhSP-D (10 and
20 pg/mL) and they appeared to be static. However, cell faorphology at 10 pg/mL
overcome these static effects by 24 h but not at 20} dose. Interestingly, some
dead cells were also seen at 20 pg/mL as com 16 the other dose conditions.
Subsequently, possible effects of rfhSP-D duction in Panc-1, MiaPaCa-2

and Capan-2 cells were investigated (Katling

rfhSP-D Suppresses thed i%n Ability/Capacity in Pancreatic

Cancer Cell Lines

v

The effects of rthPD??.O {1g/mL) on the invasion were analysed by incubating the
pancreatic cancer f:ewllgm the upper surface of the matrigel chamber pre-coated with
atrix, proteins and serum containing media as a chemo-attractant in

extracellulars

the bgttorr%’s,gffage for 22 h. Both high grade Panc-1 (50%) and MiaPaCa-2 (65%) '

%

cell lfﬁ"e%g, trejgied with rfhSP-D (20 pg/mL), showed significantly reduced invasion
in the matrigel; however, almost no invasion occurred in low-grade Capan-2 (Kaur
et al. 2018a) since Capan-2 is a non-invasive cell line.

rfhSP-D Reduces the Expression of EMT Markers

EMT induction is characterized by morphological alterations, enhanced motility,
reduced cell-cell contact (Ellenrieder et al. 2001), and upregulation of mesenchymal
markers, such as Vimentin (Maier et al. 2010), Snail (Peinado et al. 2003), and Zebl1
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ost pancreatic cancer cells Overexpress TGF'ﬁ,delch sup-
and facilitates the escap, migration and increaseq

+ <tance (0 anti-(UMOr immune responses (Sun et.al. 1994; Beduéh::]rlr:l]:czl ?}11 1990;
185  resistance sP-D (20 pg/mL) treatment significantly downreg ¢ gene
186 Reiss 1999). rﬂ]si Nt Jted Panc-1 and MiaPaCa-2 at 12 h whereas no dif-
67 expression of TGF- in the freatec’ 40 CR and western blot. Fluorescence
ference was seen in Capan-2 as analysed by qP . a diminished consider.
e is revealed that TGF-p expression at 24 h diminishe sider
169 microscopy analysis tEve d MiaPaCa-2 cell lines. During
190  ably within the.cytoplasm of the treated Panc-1 an d in the cytoplasm, fol
101 TGF-p induced EMT pathway, Smad2/3 are phosphorylated Ir 1o appeared ,ve
192 lowed by translocation into nucleus; however, Smad2/3 stalplpgc p}2) it linersy
13 weak in the cytoplasm of the rfhSP-D treated Panc-1 and MiaPa a(-} e .
194  Furthermore, gene expression of key markers of EMT, regulated b}' T éﬁ?suc as
195 Vimentin, Zebl and Snail, was also downregulated in all cell lines reg eq, with
196 rfhSP-D at various times ranging between 1 h and 12 h. Fluoresggg/f%r}%o.scopy
197 and flow cytometry analysis also confirmed a significant dec/:egse ('; 0) in the
198 cytoplasmic presence of these proteins in the treated as ca/zed to untr eated- cells.
199 Interestingly, blocking TGF-f via neutralizing antibody'red Luc’eg&the expression of
200 EMT markers in a similar fashion as rfhSP-D. Inter’s% ly, the effect was even
201 more prominent when rfhSP-D and rabbit anti- hugnan TGE; § were added together
202 (Kaur et al. 2018a). Similarly, visual assessment pf‘dell proliferation and migratory
203  capacity of ovarian cancer cells, SKOV3, followin @tment with rfhSP-D (10 pg/
204 mL) for 24 h also revealed inhibition of, grofth”as compared to the untreated cells
205 (Kumar et al. 2019). These observationSasu® e%ed that rfhSP-D interfered with
206 EMT, therefore, we investigated the st E écts occurred due to cell cycle arrest.

(Wellner et al. 2009). M

183 e
184  presses immune surveillance

207 rfhSP-D Induces Cell Cycle Arrest in GI Phase

',

208 Panc-1, MiaPaCa—ﬂ/Z; Capan-2 cell lines treated with rfhSP-D (20 pg/mL) for 24 h
209 were subjecteqwtho“ DNA quantitation using DNA binding dye, PI, to determine
210 whether the c;ytostzgweffect seen was due to growth arrest. rfhSP-D treatment inhib-
211 ited the DNA%}LPIHéSiS during G1 phase in treated Panc-1 (68%) and MiaPaCa-2
212 (50%)@_5 co‘r‘?pzifed to untreated Panc-1 (3%) and MiaPaCa-2 (2%) cells, respec-
213 tively. Theuntreated cells for all cell lines as well as treated Capan-2 remained unaf-
214 fected as cell cycle into next S and G2 phase continued (Kaur et al. 2018b).

215 rfhSP-D Induces Apoptosis in Pancreatic and Ovarian Cancer
216 Cells

217 The fluorescence microscopy revealed that the cell membrane was no longer intact
218 aqd the propidium iodide bound to DNA in the rfhSP-D (20 pg/mL) treated pancre-
219 atic cancer cell lines, Panc-1, MiaPaCa-2 and Capan-2 as compared to untreated
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cec T :
lls, where no fluorescence was detected, indicating that cells were undergoing
icd out by mea-

3P0_ptosis al 48 h. The quantitative flow cytometry analysis was carfi
suring the Annexin V/FITC binding to phosphatidylserine (PS), a cell membrane
phospholipid, which 1s externalized during early apoptotic stage and PI, a DNA
stain, passes through the porous cell membranc into the nucleus. It showed (h'at
rfhSP-D induced apoptosis in ~70% of Panc-1 and MiaPaCa-2 cells and ~43% in
d to ~80% unstained, viable cells in the untreated samples at

aCa-2 and

reentage of Panc-1 cells (~43%) and some MiaP
Is were either

nd qualitative

Capan-2 as compare
48 h. A significant pe
Capan-2 (~12%) were positive for PI alone, suggesting that these cel
dead or in late apoptotic stage (Kaur et al. 2018b). The quantitative
analysis of ovarian cancer cells, SKOV3 treated by fhSP-D (20 pg/ mlL)
sisinduction revealed similar trends as seen in pancreatic cancer cells. App

68% cells underwent apoptosis al 48 h of treatment (Kumar ct al. 2019)#
dtkers
"

vation of apoptosis pathway Was determined by assessing key m
47,

intrinsic and extrinsic apoptosis pathway. { |

Pty

rfhSP-D Activates Apoptosis via Extrinsic Pjgh@ay in Pancreatic

and Ovarian Cancer Cells

The treatment with fhSP-D (20 pg/mL, ac@ cleavage of caspase 8 and 3, in
addition to upregulation of pro-apoptot%gfN “as at 12 and 24 hin all the cell
lines. Moreover, both TNF-a and NF-% NA expression levels showed a signifi-
cant up-regulation in all the rfhSP-D,treatet cell lines at 12 and 24 h. Fluorescence
microscopy of Panc-1, MiaPaGa g Capan-2 cell lines showed that NF-xB was
e%%h,‘?v“ﬁich was not seen in the untreated cells (Kaur
_K i

translocated to the nucleus at

et al. 2018b). TNF-o aggﬁg are crucial factors in the apoptotic pathway and
they can regulate Fas ¢xpréssion (Fulda and Debatin 2006). Therefore, it appeared
dwia‘extrinsic pathway as upregulated TNF-a binds to TNF

that apoptosis occurfed
type I receptor (TNFRL), which is internalized and forms a complex with TNFR1-
4 domain (TRADD) (complex I), stimulating the upregulation of

associated D TE
NF-xB. Th%e\% scomplex I is formed upon binding of complex I to Fas-Associated

Death Domain (FADD), which is formed when Fas is activated. NF-xB

protein,with D
upregulation”promotes Fas upregulation as it acts as a transcription factor for Fas

Subsequently, Complex 1T activates downstream caspase cascade, which causes the
cleavage of caspase 8 followed by effector caspase 3 cleavage, which brings about
apoptosis. These findings indicated that cell death is likely to occur via TNF-w/Fas-
mediated apoptosis pathway (Kaur et al. 2016; Liu et al. 2012; Ashkenazi and Dixit
1998). Intrinsic markers such as caspase 9 and pro-apoptotic gene, Bax, remained
unaffected. Moreover, the survival pathway such as mTOR is often deregulated in
pancreatic cancer (Semba et al. 2003) and its activation is associated with poor
prognosis (Kennedy et al. 2011). Upon treatment with rfhSP-D (20 pg/mL), mRNA
expression of mTOR was downregulated in Panc-1 and MiaPaCa-2 cell line at 12 h,
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260 however, no difference was scen in C apan-2. In addition, ﬂ.uorcscczC’C Z‘lnalysix
261 revealed significant decrease in the cytoplasmic levels un‘d an increased accumyl,.
262 tion of mTOR in the nucleus of the treated cells in compans"on to the u‘n‘trea.led cells,
263 where it has been shown to be present in its inactive forlfl in previous studies (Betz
264 and Hall 2013). Interestingly, ovarian cancer cclls.'SKOVS, also appeared to
265 undergo apoptosis via extrinsic pathway as pro-apoptotic gene Fas and T{‘I F-a were
266 upregulated and survival pathway mTOR was downregulated (Kumar et al. 2019).

27 Anti-prostate Tumor Effects of SP-I)
268 SP-D Expression in Prostate and Correlation with Gleas 1@%
269 Score A\,

270 Although the lung remains the major site of SP-D synthe iS,‘J%i QCC has been
2711 reported in non-pulmonary human tissues, including rachea, brain, testis, salivary
272 gland, heart, prostate gland, kidney, and pancreas (Mddsén et al. 2003). Elevated
273 levels of SP-D were observed at inflamed sites irf'the prostate, manifesting protec-
274 tion against bacterial infection (Oberley et al {ﬁOOS) Testosterone withdrawal
275 showed upregulation of TLR4 pathway anﬁddgﬁg\gﬁéﬂ SP-D-mediated bacterial

276 clearance in rat prostate cells (Quintar ety %ng*a’;Oberley et al. 2005). Differential
277 SP-D protein expression in the glandf‘g%
al

ctiifes of inflamed malignant and non-
278 malignant human prostate tissues ha 2b en reported. A significant correlation

s
2719 between lower expression of SP-ﬁl? ndncreased Gleason score and prostate tumor
280  volume has been noted earlieﬁ ’ gﬁi etal. 2014). A low level of SP-D, a known

281 anti-inflammatory molecules ay contribute to the development and/or progression

282 of the human prostate can Kankavi etal. 2014).
283 SP-D expression inf :

"(androgen dependent) tumor cells was significantly
284 lower in comparisef*toDY 145 and PC3 (androgen-independent) tumor cells and
285  primary prostate e %}ﬁial cells. Furthermore, treatment with Dihydrotestosterone
286 (DHT) upregulated,levels of SP-D transcripts in Primary epithelial cells, LNCaP,
287 butnotin P@gﬁg‘or cells, suggesting that SP-D expression was regulated by andro-
288 gens %D“I;IT) /;g an androgen-dependent cancer (Thakur et al. 2019), Similarly, SP-D
289 expressionaWas weaker in seminoma compared to normal testicular tissue that may
290  contribute to reduced immunomodulatory and rheology processes in germ cell
291 tumor (Beileke et al. 2015).
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Intrinsic Pathway
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A signmificantly higher calcm dependent hine
androgen independent prostate cancer cells (DU 45 and PO than the androgen 295
dependent prostate cancer cells (ENCal Primary prostate epithelial ¢ ells showed 296
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hSP-D caused a dose- and time dependent reduction in th
RN ' i ic yity ot
cancer cells (LNCaP, puU14s and PCY) irrespechive of their androgen Gepsitivity )
' ¢ : S 10
lso observed in primary prostate cancer rpnh('ll.ll celfingolated 07
ptosis sucll as BS exter J03

This cffect was a
from the metastatic PCa patients. Various attributes of apo
dent in the 304

ation were.£Vi

nalizaton, mitochondrial dysfunction and DNA fragment
fhSP-D treated prostate cancer cells (Thakur ¢t al. 2()1‘)),{\!111 prostate cancer 305
activity of ffhSP-D via induction of apoptosis 1n lissn!)csc;gﬂm}m fflym metastatic 306
pmsm;c cancer patients has also been demonstrated. \‘ / 307
. - "‘! .
Mechanisms Involved in Anti-prostate Cancer Activity 308
of rfhSP-D % 309
-
$ transmission of pro-apoptotic signals 310
an

ay
p33 pathway plays a crucial rol;.ig th
(Gottlieb et al. 2002). fhSP-D e g CaP (p53*, androgen dependent) cells
showed significant upregulati ifphosphorylated p53 (Thakur et al. 2019). rfhSP- 312
D treatment led to a decredse gvel of Bcl2, with a concomitant increase in Bax, 313

cytochrome ¢ and cleayafeQleaspase 7, confirming induction of intrinsic apoptosis 314

pathway (Thakur ct.al- & 9.

PC3 cells, a p53 nu% highly metastatic prostate cancer cell line, also showed 316
significant apgﬁtqsfsaf {hSP-D, which suggested involve-
ment of 2 p33. indepen Among 25% prostate cancer 318
cases;.diallelic deletion O n homolog (PTEN) gene and 319
the associated 1Increase in Akt phosphorylation correlates with hormone refractory 320

1.2009). A significant downregulation of phosphorylaled 321
Akt was observed in both fhSP-D treated PC3 (p53"’, androgen independent) and 322
LNCaP cells (Thakur et al. 2019). Decreased levels of activated Akt may lead to 323
decreased levels of phosphorylaled Bad (Bcl-2 associated death promoter). 324
Dephosphorylatcd Bad interferes with interaction of activated Bcl2 with Bax. Thus, 325
an increased release of Bax triggers apoplosis (Ruvolo et al. 2001; Oltvai et al. 326

1993). Our studies suggested that besides activation of p53 pathway, rfhSP-D also 327
inhibited Akt-PI3K pathway Jeading to Bax mediated apoptosis. Thus, this study 328
unraveled PI3K/Akt, an anti-apoptotic pathway, as a novel target of rthSP-D medi- 329
ated anti-prostate cancer activity (Thakur ct al. 2019) (Fig. 2). 330

lowing treatment with r
dent mechanism of apoptosis.
f the Phosphatase and tensi

prostate cancer (Sircareta
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Fig. 2 Proposed mechanisms for rfhSP-D mediated apoptosis n an’ sment m,jﬁ,p yriregulales
and independent (PC3) prostate cancer cells. rfhSP-D (20 pg/mL) de elease’éf dytochrome c
p53 and downregulates pAkt, resulting in upregulation of Ba'd' Bax an ,);[h somé? key molecules
Ieading to cleavage of caspasc 7 in prostate cancer cells. SP-D n(crz g _,' be relevant as part
like HMGAI, CD14, SIRPa and EGFR has been reported previgffsly and may
of the proposed mechanisms of p53 and Akt ‘ '
N "
Table 2 Multiple signaling pathways targeted by rfhSP- ﬁ'r’l*;{%rious cancer cells '
Cancer | Source of cancer cells [ Thrgeted pathways References 22
Eosinophilic | AML14.3D10 g ;’gmnsjc apoptosis, p53 Mabhajan et al. 2.3
leukemia % “ftpregulated (2008a, b) 2.4
Lung A549 cells & [Reduced viability, EGF | Hasegawa 2.5
.+ |signalling inhibited by ~|[etal. (2015) 26
& ¢ binding to EGFR 2.7
Pancreatic Panc-1, MiaPaCa:2, and:Gapan-2 Extrinsic apoptosis, Kaur et al. 12.8
€ % induction of Fas (2016) t2.9
Pancreatic Panc-1, Ig{[iaP% :2, and Capan-2 Inhibited invasion, Kaur et al. 2.10
8 7 reduced TGF-f (2018a, b) 2.1
Ovarian SK%§3 cggls Extrinsic apoptosis, Kumar et al. t2.12
P . 4 induction of Fas and (2019) t2.13
& j 3 TNF-« t2.14
Prost;:te < 7 ‘LNCaP, PC3, PU145. Primary tumor | Intrinsic apoptosis, p53 | Thakur et al. 2:15
explams/ce.lls isolated from biopsies | and pAkt pathways (2019) t2.16
of metastatic prostate cancer patients 217

Conclusions and Perspectives

A great advantage associated with the anti-cancer activity of SP-D (especially a
rfecombmant fragment of human SP-D, i.e., rthSP-D) is induction of apoptosis by
s‘1multaneous targeting of multiple cellular signaling pathways including transcrip-
tion factors, tumor cell survival factors, protein kinases, resulting in the efficient
and .selective killing of cancer cells (Table 2). SP-D has been shown to inhibit the
proliferation, migration and invasion of A549 human lung adenocarcinoma cells by
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tr):;?(l)?lg ;;’dl\zl‘]ilq)’c‘m:s fOf..eplde.rmal grov{th fa?tor receptor (EGFR) via its CRD
treateé s, n c’r ering with EGF signalling (Hascgawa et al. 2015). In UV

?\poplonc Jurkat T cells, SP-D enhanced membrane and nuclear blebbing,
suggesting involvement of SP-D in induction of apoptosis (Djiadeu et al. 2017).
fhSP-D induced apoptosis in pancreatic adenocarcinoma cells via Fas-mediated
pathway in a pS3-independent manner (Kaur et al. 2016). Exogenous treatment of
SKOV3 cells (an ovarian cancer cell line) with rfhSP-D led to increased caspase 3
cleavage and induction of pro-apoptotic genes, Fas and TNF-o (Kumar et al. 2019).
Recently, Kaur et al. reported that rfhSP-D can suppress the invasive-mesenchymal
properties of highly aggressive pancreatic cancer cells by inhibiting TGF-p expres-

sion in a range of pancreatic cancer cell lines via Smad2/3 signaQLKaur
et al. 2018a). ‘
Bioinformatics analysis of SP-D presence/levels in normal and ¢z issues
was performed to assess if SP-D can serve as a potential progns
human lung, gastric, breast, and ovarian cancers. Cancer tissuesfVith,$
higher levels of SP-D compared to their normal tissue coumerpﬁr%
tible to SP-D-mediated immune surveillance mechan;?fn:i ifiltrating immune
cells (Mangogna et al. 2018). In view of these poignantigvidences, SP-D is likely to

act as an integral component of the human innate uneg@;’lrveillance against can-
cer cells.
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Abstract. Software systems have become an integral part of all the organizations.
These systems are performing many critical operations. A defect in these systems
affects the product quality and the software development process. Prediction of the
impact category of these defects helps in improving defect management process
as well as taking correct decisions to fix defects. Orthogonal defect classification
is a popular model for classifying defects and it provides an in-depth analysis of
the defects. In this study, we proposed an auto classify approach to classify the
defects into impact categories as defined by Orthogonal Defect Classification
(ODC). Bag of words, term frequency-inverse document frequency and word
embedding have been used to represent the textual data into numeric vectors. For
experimental work, we have used 4,096 reports form three NoSQL databases. We
have trained and tested the proposed autoclassify approach using Support Vector
Machine (SVM) and Random Forest Classifier (RFC). We achieved maximum
accuracy 94% and 85.99% using SVM and RFC respectively.

Keywords: Orthogonal defect classification - Bag of words - Term frequency
inverse document frequency - Word embedding

1 Introduction

Business organizations are using software to record and maintain data about their
employees, products and various operations such as financial and database manage-
ment. Predicting the impact of these defects can help us to save cost and time in software
development as well as in improving software defect prediction and classification mod-
els. ODC [1, 2] is a well-defined framework for analysing and classifying defects during
software development. It is a systematic approach that provides a valuable feedback
method for assessing the different phases of the software development. ODC can be
applied in any phase to capture the semantic of each defect quickly. It characterizes the
defects into eight attributes by knowing cause and its effect on the quality of software
product. The ODC attributes include defect type, impact, trigger, activity, target, source,

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
O. Gervasi et al. (Eds.): ICCSA 2022 Workshops, LNCS 13381, pp. 313-322, 2022.
https://doi.org/10.1007/978-3-031-10548-7_23
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qualifier and age. Defect type denotes change made to solve or correct a problem. The
change can be in a function, condition and assignment, Impact refers to an experience of
auser when the defect was surfaced. Impact can e capability, reliability, usability etc.
Activity refers to the action performed when a defect was disclosed. Code inspection and
function test are the actions fall under the activity attribute. Target refers to the object
of the correction i.c., the build scripts or package. Trigger is a condition which makes a
defect to occur. Qualifier describes the code point before a correction was made. Source
refers to the origin of the defect i.e., the location of the defect where it was initially
occurred. Age refers to the occurrence of a defect to the correction of another defect.

ODC is a systematic approach which helps in prioritizing the defects and assigning
defects to the experts. It also enables managers to take correct decisions after they know
the category of the defect. It helps in improving software defect prediction techniques.
The systematic classification of software failures allows us to know the impacts on the
software product quality. ODC further divides the impact attribute into 13 categories
to understand the nature of impact. Impact category includes usability, performance,
capability, installability, documentation, capacity, migration, serviceability, standards,
integrity/security, serviceability, and reliability.

Bridge and Miller [3] presented a methodology that successfully applied the ODC
to classify the defects found in Motorola GSM division. They successfully applied
the orthogonal defect classification to software development group. Zheng et al. [4]
applied ODC to analyse the software defects by adopting defect type attributes with the
development process.

The limitation of the ODC is the manual classification of defect reports which is a
time taking process and involves high cost. This process of manual classification becomes
a complex task when the number of defect reports increases. Hence, there is a need to
automate this process. Therefore, we propose an autoclassify classification approach to
automate the process of defect classification based on ODC impact attributes.

The important highlights of the proposed autoclassify approach are:

o Defect reports classification using textual description of the defect;

e Model the classification approach into a multiclass text classification;

e Bag of words, term frequency inverse document frequency and GloVe word embed-
ding were employed;

o 4,096 defect reports from Hbase, MongoDb and cassandra;

o Synthetic Minority Over Sampling Technique (SMOTE) for balancing the data
distribution among ODC impact categories;

o The proposed approach evaluate the performance of SVM and RFC;

e SVM and RFC classify the defects with accuracy of 94% and 85.99% respectively.

The remainder of the paper is divided into six parts. ODC based related work has
been introduced in Sect. 2. Proposed approach and results are discussed in Sects. 3 and
4 respectively. Section 5 presents the threats to validity of the work and finally work is
concluded in the last section.
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2 Related Work

ODC defect type and impact have been widely used in literature to classify the defect
reports. Some proposed studies have used a single attribute such as impact or type
Wwhile others have focused on multiple ODC attributes. A common problem is that
the defects are manually classified by the experts or researchers in the field which is
very tedious and time consuming process. Hence, there is a need to automate the pro-
cess of classification. A classification approach has been introduced in literature, which
classifies defects automatically by grouping ODC defect types in categories like non-
functional, control and data flow and structural [5]. The categories Algorithm/Method,
Assignment/Initialization, Checking, Timing/Serialization are grouped into control and
flow. Function/Class/Object, Interface/O-O Messages and Relationship are grouped into
Structural. Remaining defect types are grouped as non-functional. Total 500 defect
reports were collected and labeled manually. The proposed approach achieves an aver-
age accuracy of 77.8% using support vector machine. The authors used the expert’s
experience to label the defects and evaluate the performance on minimal labeled data.

In another study [6] an active semi supervised approach has been proposed to
minimize the effort of manual labeling. Out of 500 defect reports, only 50 defect
reports were manually labeled. The proposed approach achieved a weighted precision,
recall, f-measure and area under curve (AUC) score of 65.1%, 66.9%, 62.3% and 71%
respectively.

In [7], authors suggested a method for automatically classifying software bugs based
on attributes retrieved from the Abstract Syntax Tree (AST) of the source code. The
approach was assessed by labeling the 1,174 defect reports into four categories, Compu-
tational, Control or Logic, Data and Interface. The experimental results show the highest
accuracy, precision and recall of 79%, 75% and 73% respectively. With minimum num-
ber of classes, the classification task seems to be easy as compared to the eight ODC
attributes and their sub-attributes.

An Auto ODC technique to classify the software defects according to ODC defect
impact attribute has been presented in [8]. The technique combines ODC expertise with
domain knowledge. The authors also proposed an annotation framework to assign a
category with justification.

In [9], the authors presented a software defect classification approach using crowd
labeling for 1,444 defect reports from two datasets compendium and Mozilla, and labeled
according to ODC defect impact by set of 5 annotators having no expertise in the field.
The authors used 4 out of 14 impact categories to train the classifier.

Recently, in [10] authors presented an automatic classification of software defects
using supervised machine learning algorithms. For experimental work, Authors collect
and manually labels the 4,096 defect reports according to all ODC attributes. As opposed
to the previous work, we have generated a new word embedding along with pre trained
embedding GloVe by Stanford. Similar work [11] discusses the effectiveness of word
embedding techniques to envisage the intensity of defect in the software product. Simi-
larly authors [12] presented a bug severity assessment to predict the forecity of the bug

reports in the context of cross project. The previous research has employed multiple
ODC defect attributes to automate the process of defect classification. Moreover, the
exiting works use the Tf-Idf or Bag of Words (BoW) model to represent the words in
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numerical vectors. In this work, we generate numerical vectors for defect corpus using
GloVe word embedding [13]. Word embedding represents the similar words into similar
vector representation and hence able to capture the semantic of the words. Recently word
embedding techniques have been used in [14-17].

3 Proposed Approach

The proposed approach can be viewed as a 5 step process from collecting dataset to get
the results shown in Fig. 1.

Step 1: Collecting the dataset

We have collected a dataset consisting of 4,096 defect reports from http://odc.dei.uc.pt/.
The dataset contains software defect reports from Hbase, Cassandra and MongoDB. The
defects are labeled by the researchers by considering the six orthogonal defect attributes,
namely defect type, Trigger, Activity, Impact, Target and Qualifier. For this study, we
use the impact attribute that is further divided into following categories- Capability,
Usability, Installability, Maintenance, Integrity/Security, Documentation, Serviceability,
Performance, Reliability and Requirements.

Dataset |

t A
l s :
. ! Bow | | TFIDF ] Word !
P . \_ Embedding _} i
{ H
S ’
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Fig. 1. Overview of the proposed approach

Step 2: Text Preprocessing

The Qataset contains two fields summary and impact categories. Each defect report
contains a textual description about the defect. For example, a defect report with summary
“misspelled columsort attribute results deleted commit logs db files” has been labeled
with “Reliability” category. We preprocess the text by applying text mining techniques
such as removing punctuation and stop words, converting into lowercase and tokenize

the text. Stop words were removed using sto ided i i i
p word provided in NLTK library.
we get the cleaned and tokenized text. FEREEE
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Step 3: Text to numbers
We have used three schemes- Tf-1df, GloVe word embedding and BoW, to construct the
numeric vector from tokenized corpus. In bag of words, a binary vector is created for
each word in each report. If a word is present in the report, it is assigried 1 otherwise 0.
Bag of words is a count based method.

Tf-1df is frequency based method which specifies the importance of a word in a
report. Tf refers to the term frequency and calculated using Eq. (1). The inverse document
frequency is calculated using Eq. (2). Finally, Tf-Idf is the product of Tf and Idf score

as shown in (3).

#times a word | appear ina document j
()
#total document

Tfj =

#total document

ldf; = lo 2)

& #document containingi
Ifldf = Tf x Ildf (3)

Word embedding is a process to represent the text into word vectors of fixed size.
The idea behind word embedding is that words having similar meaning have similar
representation. We use GloVe word embedding in this work. GloVe ‘'word embedding
model [13] is based on the word occurrences. We downloaded the GloVe pre trained
word2vec model from http://nlp.stanford.edu/data/glove.6B.zip. It contains 1.2 million
word embedding. Pre trained GloVe word embedding is used in many classification tasks
[18, 19]. It has been used recently for text classification [25-28).

Step 4: Machine learning algorithms
In this work, we have used two classifiers SVM and RFC. SVM [20, 21] is most widely

used supervised classification algorithm. SVM is a binary classifier that separates two
classes by finding the optimal hyper plane by minimizing the cost function between the
feature points using Eq. (4) and (5).

min%sz” +C Z & 4)

5.y <wa,- + b) >1-¢ 5)

where C is the parameter between margin and error. &; represents the méasure of training.
But it can be extended to a multiclass classification problem by using the combination
of several binary support vector machine classifiers. Many methods exist for modeling a
multiclass problem into a series of n binary sub problems. For this study, we have used
one against all approach (OAA) in which the i classifier is trained to differentiate the
examples belong to i™ class from rest of the examples. Because of the variety of kernel
functions utilized, SVM can handle the high volume data. SVM has been utilized in
variety of investigations.
A set of random trees is used in the Random Forest classifier (REC) [22]. It selects
the features at random to create distinct trees. The bagging method [23] is proposed
in which, distinct trees are trained parallelly depending on the supplied information.
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Bootstrapping
lowering the cl
Because of it
algorithms, R

aggregation guarantees that each tree in the random forest is distinct

assifier’s variance. RFC can accurately classify massive amounts of data.
random character, it is less prone to over fitting. In comparison to other
FC yields more consistent results,

Step 5: Results

The classification performance is presented using four evaluation metrics, namely
accuracy, precision, recall and F1 score.

4 Experimental Setup
This section presents the dataset details and performance evaluation.

4.1 Dataset

For the experimental work, we used the same dataset as used in [10]. The dataset is
publically available and it is verified by the two researchers. The agreement between
these researchers is calculated using kohen kappa agreement. For the impact ODC at-
tribute, the kohen kappa value is 82% which is almost perfect. The dataset details are
outlined in Table 1. The impact attribute is further divided into 13 categories. In this study,
we have used only 6 categories- capability, integrity/security, performance, reliability,

requirements and serviceability. The rest of the categories have assigned to very few
reports.

Table 1. Dataset details

Defect impact #Reports

Capability 2,165
ﬂlrntegrity/Secority‘ 7 ‘ 877 7
Pedformance 199
Reliability ' 088 o
Requiremems A ‘227 -
Serviceability s

Comments, title and description are the part of the defect report which helps in defect
report classification manually into orthogonal defect classification impact attributes.
Researchers have assigned the capability category to 50% of the data. The defect impact
categories are varying proportionally and lead to an imbalance problem. To tackle this,

we use Synthetic Minority Over Sampling Technique (SMOTE) [24] for balancing the
data distribution for the defect impact categories.
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4.2 Evaluation Metric

We evaluated the efficiency of our proposed approach using four metrics like F1 score,
precision, accuracy and recall. A confusion matrix consisting of actual and predicted
values is used to calculate these four metrics: accuracy, Precision, Recall and F1 score

are calculated as follows;

pe + tne

Accuracy = (6)
d pe + fpe + nc + fnc
- Ipe
Precision = (7)
e + fpe
IDc
Recall = (8)
tp(' +.ﬁlL

Fl=2x Precision; * recall; ©)

Prcision; * recall;

where fp. and m, represents the true positive and true negative which is the number of

instances correctly and not correctly respectively classified as class ¢; while they belong
hich is the number of instances

to some other classes. fp. represents the false positive w
correctly not classified as c; #p. represents the true negative which is the number of
instances assigned to some other classes while they belong to class c.

5 Results

We evaluated the performance of two classifiers SVM and RFC by learning features

using three methods BoW, Tf-1df and GloVe word embedding. The results obtained by
these classifiers in terms of accuracy, precision, recall and F1 are presented in Table 2.

f words method, each defect report is represented as numerical vector consists

In Bag o
ord present in a particular defect report.

of total count i.e. the number of times a W
A total of 23,530 unique words are present in the defect corpus and forms a feature

matrix where row represent the defect reports while columns are the unique words. The

proposed approach achieves accuracy of 64.03% for RFC and 62.15% for SVM. Tf-

Idf is a frequency based method to convert text into numeric vectors. The Tf-Idf score

is inversely proportional to the occurrence of a word in the document. Our approach

achieves an accuracy of 85.99% and 94% for REC and SVM. We have used GloVe pre
trained word embedding to get the real valued vectors of fixed dimension. The dimension
ken as 300. We downloaded the GloVe word embedding from http:/
nlp.stanford.edu/data/glove.éB.zip. We fed our defect corpus to GloVe to generate the
numerical vectors for the words presentin the corpus. Using these vectors, RFCand SVM
are able to achieve 72.26% and 81.43% accuracy. There are some tunable parameters
associated with classifiers to get the optimum results. GridSearchCV is used to search
the best parameter for both the classifiers- REC and SVM. For RFC, we search for the
number of trees. The number of trees for all the experiments varies from 128 to 1,024.
For SVM, we search for C and for C = 1 we get the highest accuracy, precision, recall

atid F1 score. We carried out all the experimental work in Python.

for each vector is ta
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Table 2. Accuracy, precision recall and FI (%)

Method 1‘ Classifier | Accuracy Precision __,.4.EEC.‘1” Fl
Bow RFC 6403 6028 BT
- J SVM 62.15 59.64 154.09 15282
TF-IDF )RFC 8w 86.21 185.20 82.68
S |94 95.08 193.99 19385
GloVe 'RFC 172.26 71 162,24 60.11
SVM (8143 79.67 74,56 7138

6 Threats to Validity .

In terms of external threats, an obvious threat is the training from word vectors which
is generated for the thousands of defect reports. But the word vectors can be further
improved. The distribution of the classes in the datasets is not uniform. The chance
of biased learning is high. We attempted to eliminate the bias. The external threat is
also concerned about the size of defect reports and brief description of each defect is
also a concern to the external threat. In the future, this hazard can be mitigated in the
future by using a larger dataset to provide more accurate results. In terms of construct
validity, the issues in defect repositories such as defect duplication must be addressed.
Only description of defect is extracted for all the three datasets Cassandra, Hbase and
MongoDB. Moreover the dataset is transformed into 6-class classification problem due
to the assignment of remaining classes to fewer defect reports. However more techniques
should be adopted, to deal with multiclass imbalance problem. The internal validity is
related with how the examined systems are represented and how well the classifiers
function on the combined datasets. However, they differ for every combination of the
datasets. That may be due to the discriminant ability of textual description of the defect.
It can also be affected by the word embedding produced by pre trained word embedding
model. As a result, machine learning algorithms must react to different contexts.

7 Conclusion

We present an autoclassify approach to automate the defect classification into impact
categories as defined by ODC. For evaluating the efficiency of the proposed approach, we
test the performance of support vector machine and random forest in terms of accuracy,
precision, recall and F1 score on 4,096 defect reports collected from Hbase, MongoDb
and Cassandra. We model the autoclassify approach as multiclass text classification
problem. We represent the text into numeric vectors using pre trained word embedding
GloVe, Term Frequency Inverse Document Frequency and Bag of Words. Word embed-
ding is generated for the defect corpus using GloVe. SVM and RFC achieves highest
accuracy 94% and 85.99% while learning form the frequency based method i.e. Tf-Idf.
However the proposed approach can be further improved on large number of defect
reports. In future, we will also evaluate the performance of proposed approach on other
machine learning classifiers including Naive Bayes and XGboost.
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L1 LEARNING OBJECTIVES
L pe—
You have already been done with the introductory part of DDC and Seven Tables. The
present unit introduces you to how to give call numbers to the documents using Table 1 and
Table 2. This unit further describes extending any number in the Schedules by adding any of
the Two Tables.

12 INTRODUCTION

B\ Sanse s DN SRR SR y ¥ A

A classification scheme gives a systematical system to organize knowledge in similar or
identical entities/groups. The table numbers are never used alone. “Table 1: Standard
Subdivisions and these standard subdivisions should be added only when the work in hand
covers the whole, or approximately the whole, subject to the humber in the schedules. "Do
not add one standard subdivision to another standa(rdf"_'_s"ilbdivision unless specifically
instructed”. Never use more than one zero in applying a standard subdivision unless
instructed to do so. “If the 0 subdivisions of a nupiﬁe'i in a schedule are used for special
purposes, use notation 001-009 for standard sUbgﬁstions”; “if the 00 subdivisions also are
used for special purposes, use notation 000 'fér"standard subdivisions". Table 2 deals with

Geographic Areas, and Biography. These numbers are also never used alone.

Number Name AN Abbreviation | Pages in Vol.1
Table 1 Standard Subdivisions S.S.- 1-13
Table 2 Areas area- 14-386

'13 METHODOLOGY OF NUMBER BUILDING W
& S LDSEOFTABEES - .- &

It is very much clear and may be noted also that these numbers in Table 1 and Table 2 are
never used alone in any case. “These are only attachable to a number in the Schedule and can
be further extended on specific instructions only”. It may also be noted that “the addition of a
number from "Table 1 Standard Subdivisions can be done without any instruction to do so.
Table 2 areas can also be added on your own through the ss-09” (Satija, 2013).
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ACTIVITY
write down the names of

Visit any university or college library in your area and

schemes used for classification of documents

14 TABLE I: STANDARD SUBDIVISIONS

| form, for example, a dictionary,
history or research and “this

A standard subdivision represents a recurring physica
e of the meaning of

encyclopedia. periodical, index and so on or moves toward
applies to any subject or discipline that covers or approximates the whol
the number”(Mortimer,1998).

A few examples:
/ 150.1 Philosophy and theory of psychology
/ 230.003 Dictionary of Christianity
|
{' 340.02573 Directory of lawyers in the U.S.
/ 405 Periodical on language
f 624.0285 Computer applications in civil engineering
1.4.1 Qualities of Standard Subdivisions
e The notation for such recurring concepts always starts with a zero and they have
meaning only when attached to some class number.
e They cannot be used independently.
e These were earlier termed as form divisions, as mostly they stood for the form of the

document.
o In the seventeenth edition (1965) these form divisions were veritably renamed as
nstandard subdivisions", as these recurring non-subject divisions gathered there had

outgrown the form divisions.

(¢
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and

* Now, they include some recurring viewpoints, and even facet indicators, as they st
in the nineteenth edition.

o They are called "standard" because their meaning
wherever they are used (DDC, Volume 1, pp. 2- 13).

and notation remain the same

1.4.2 Use of Table 1: Standard Subdivisions
ained in documents. To account

Library classification in effect deals with knowledge as cont
y in the second edition (1885)

for such physical attributes of the documents, Melvil Dewe
separated such non-subject common forms of the documents and listed them at the beginning

of each Division. "These tables could be attached to any class number apd always remained
the same in name and notation. This table could be attached to any c!asg number and always
remained the same in name and notation. The notation for such req;ifring concepts always
starts with a zero and they have meaning only when attached to some class number". They
are called "standard" because their meaning and notation remain the same wherever they are
used. The standard subdivisions as they stand in DDC-19 (Volume 1, pp. 2-13) may broadly

be categorized as under:

01, parts of 02, 07 and 09 Viewpoiits
02 partially, 03, 05 and 06 Tntérnal forms of treatment of subjects
04. 08 and to some extent 09 Facet indicators to introduce a new facet

1.43 Rules for adding Standard Subdivisions

"Rules" for adding stapdé:d subdivisions to a class number have been provided in Sections
5.24, 8.5.3 and 8lof the "Editor's Introduction” in Volume 1. Here rules have been
explained to use Téﬁ]‘é 1, and some advice is given for the situations where the classifiers
may feel plotted. Some brief instructions to apply them and the Order of Preference also

precede the actual Table 1 (page 1. Volume 1).

"Standard Subdivisions are added to the ultimate class number of the document in question.
Having reached the most specific class number, we do not necessarily need an invitation to
add any standard subdivision"(Comaromi, 1978, p.404).
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Encyclopedia of Islam
297+03-297.03
(Here Islam is the subject and Encyclopedia is the standard subdivision)

History of the Ahmadiya Movement

L 297.86+09 297.860 9

BLISe

(Here we have added standard subdivisions 03 and 09 respectlvely, though there are no

instructions to do so at these class numbers).

Note: "Two standard subdivisions are not applied in succession to a class number. If a
subject poses two standard subdivisions, then only one is 1o be applied. on a preferential
basis, and the other is to be ignored. The table of preference is prefixed to Table 1. If we
examine, the preferential order, it becomes obvious. that facet indicator general special is
Jollowed by viewpoints, and the real form divisions come in the end. It means internal forms

are to be preferred over external forms"(Volume 1, pp. 2-13). For example,

Encyclopaedia of Organisations on Applied Psychology

Here "Encyclopaedias and "Organizations" both are standard subdivisions with notations 03
and 06 respectively. Therefore, only one of them is to be added. As per the preferential
table. "06" is to be given preference over "03". Therefore, the correct class number is
158.06 and not 158.03 or'any number combining the two ss viz. 158.0306

Therefore, wheneveriy' there are two standard subdivisions, this table must be consulted to
know which of them is to be applied, and which is to be ignored.

Note: "If any of the ss, when applied to a class, gets some local name in that context, then in
that schedule all such proper standard subdivisions are to be used in all such cases, the

notation is compatible with Table 1, but the nomenclature is somewhat modified" (Volume 1,
pp. 2-13).
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For example,

——m—_ - B
610 Medicine ﬁ

In Table 1, we have 073 students, learners, apprentices, and beginners, when it is added to
610 to make 610.73. it gets the meaning "Nursing and other activities auxiliary to the
medical profession.

The Standard Subdivision 013 value in the context of 331 labour ec;gdomics has been the
meaning: "Freedom, dignity and value of labour". Wy

Note: An extension of the standard subdivisions 01 does not exist elsewhere.

Similarly, the ss 08 Anthologies have been given,}thfé ‘extended meaning of Rhetoric and
collections of literature (irrespective of the language) which have further been subdivided
as per need: N

808 . Rhetoric and.collections

808.02 Authorship and editorial techniques
L 808.025 Writing for publication

1.4.4 Application of Standard Subdivisions at Irregular Places

Going beyond the "é;_{t'en'ded meaning some standard subdivisions are shown as subject
divisions and consequently moved to a division in the array. It happens if that compound
subject has a subject value and considerable literary warrant. Such treatment allows further
extension of such subjects. This happens usually for the geographical and historical treatment
of a subject:

331.2 Wages (Labour economics)

331.29 Historical and geographical treatment of wages, Instead of 331.209
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Note: "To avoid cross- ~classification cross-reference is provided from the probable class
number likely to be looked at by the classifier (o the actual number used in the schedules. For
example, in the above case, the not used class number [331.209] is enclosed in square
brackets, and a cross-reference here directs the classifier to 331.29".

Similarly. techniques, apparatus, and material for art metal work are 739 instead of 739.028.
Though techniques, apparatus etc., is a here they have been enumerated like a subject.

534.9 is Table reviews, exercises in sound physics
Instead of 534.076. o
Again in 535 optics 535.9 is Reviews and exercises in optics instead of 535.076. J

7209 is a Historical and Geographical t(eafment of Architecture. But the
architectures of specific ages. Instead of beinfg" provided in 720.901-.905 have been
shifted to 722-724. Accordingly, at [720:901-.905] one reads the instructions "Do
not use, class in 722-724."

Note: Another irregularity occurs in thé.case of Technology

666.3 Pottery Ceramic technology Here, we are asked to add ss at 666.31-39, instead of
at the usual place viz. 666. 301-.309.

Not only this, there,\iséoﬁé exception to this exception viz. The ss "Techniques, procedures,
apparatus, equipm}crif;*fhe material is to be placed at 606.4. Instead of placing at the usual
666.328

Note: "Some other irregularities also occur in the case of the use of a Chronological Table.
In usual cases, any chronological period division is to be taken from Table 1. where the "ss"
"09" has been further subdivided as 0901 0905 enumerating all periods of history. These are
attachable to any class number, but for some classes, for example, 800 Literature, and 900
History, some special "Period Tables" have been provided. Therefore, in such cases, these
tables are to be used. Instead of the general one. e.g. at ss 09. In fact, in the case of Main
classes, the 800 and 900 periods is a subject facet. Instead of being merely an auxiliary".
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For example.

-
b “ .

l 20th Century English Poetry 821,91 instead of 821 0004

! Ehzabethan English Drama 822 3 instead of 822 09012

!

we find

Note: Extending the irregular use of the standard subdivisions a bit further,
numerous cases, where a geographical facet is made inhuilt in the structure of the cldss

number. In such cases, the weographical facet is not added through the 55 09,

For example:

‘ General Statistics of Europe
314 instead of 310.094

General Statistics of France
314.4 Instead of 310.0944

General Statistics of India
3154 insteqd’o“f3 10.0954

Note: "Many a time, a classifier. finds two places for the historical and geographical
treatment of the subject. Both of them have their meaning. We must learn to perceive the
subtle difference between the subject as an academic discipline, and the actual practical

conditions in that fleld"...

For example: "
. 320 Political Science where
320.09 Historical and Geographical treatment of
320.9 Political science, and Political situations and conditions
The correct class number for Political conditions in India will be 320 954
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Invertebrate Zoology

592.009 Historical And geographical treatment of the study of Invertebrates

592.09 Geographical treatment of Invertebrate Zoology

592.0954  Tnvertebrates (found in India) |

1.4.5 Use of Zeroes in Standard Subdivisions

In Table 1 every standard subdivision begins with a featured zero, v’vhﬁlchj'is essent'ially a facet
indicator marking the transition from subject divisions to thq form‘ division in t}?e'c.lass
number. Sometimes a featured zero may seem missing, while at others standard subdivisions
may begin with one, two or even three zeroes. thfg\(er the position for standard
subdivisions has been occupied by subject divisions, therefore, in such cases, the standard
subdivisions are so designated as to precede subject divisions. This is done by denoting the
standard subdivisions with two zeroes or three zeroes as the case may be.

For example:

Dictionary of Human Diseases
A \ ¥

G15003

Journal of Constitutional Law

342.005

In the case of 350 Public Administration ss are to be added with three zeroes, as the subject
division starts both with one zero or two zeroes.

Study and Teaching of the Subject of Central Government
=351.007
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Journal on Central Governments

=351.0005

1.4.6 Other rules for adding Standard Subdivisions

Subject to the above rules, a standard subdivision may be added to any class number.

ain class or a Division 1.e. ends with two zeroes

e If the ultimate class number is the M }
ivision.

or one zero, the filler zeroes are to be removed before adding a standard subd
o The digits are so reshuffled that the dot is placed after the first threg digits.

For example,

Encyclopedia of Science
Science is 500, and Encyclopedia is an ss with notation 03, Since in 500 there are two
formal zeroes, therefore these are to be removed.

The synthesized class number is.’

= 500+03 503

TABLE 2 AREAS

Whenever a Sub_]ect 1s Studled thhm the context of a geograph1ca1 area, the ultimate class
number from the schedules may be qualified by the area number taken from Table 2. It is
mandatory to add area notation in the subjects of social sciences and humanities because in
these subjects the treatment and practice of a subject vary from place to place. Here the area
is more or less an essential part of the subject. "Some other disciplines may also occasionally
need the area facet. Where a schedule does not authorize us to add from the area table. The
area table can still be added through the ss 09 from Table 1"(Satija, 2013).

This is the largest of all the auxiliary tables (pp. 14 to 386 out of the total of 452 pages). Its
length consists not in any variety of subdivisions as it is in detail. A brief paragraph of
Instructions (p. 14) precedes the enumeration of area numbers. All areas of the world's natural
geographical divisions, political or administrative units, or some scattered geophysical
divisions of earth or some non-continuous conceptual based on various people who habitat
them, have been accommodated in divisions 1 to 9. "Area | stands for the scattered regions
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bound by some geophysical or some social characteristics, for example, plane regions,
forests, deserts, oceans, socio-economic regions, and so on". "Number 2 has been allotted to
persons regardless of area, region place. "The modem world as divided into various
continents, countries, provinces, and cities have been denoted by the notation 4 t0 9. The
geographical subdivisions of area number for USA 73 are far more detailed than that of any
other country" (Comaromi, 1978, p. 407).

The Area number is always added to the definitive number in the schedules while some
classes are directly based on the geographical characteristics, so the number for areas IS
inbuilt there; for example,

In the class History

954 is the History of India, ‘

973 is History for the USA, A

as-54 and -73 are area numbers as taken frorr; the Area Table

similarly, J’

314 is General Statistics of Europe and'3 15 is General Statistics of Asia

where 4 and 5 respectively are the area numbers of Europe and Asia

The use of "Table 2 for Areas" do“eé"iﬁ'é?i create any difficulty. "Whenever a class number
needs extension by some geograp}{i“cﬁl area, there are sufficient instructions there in the
schedules to do so. Generally, a division usually at "9" in the array is left for the geographical
and historical treatment of the subject" (Satija & Comaromi, 1998, p.143) :

Political conditions:
320.9

(As per instructions, this class number is to be further subdivided by the area numbers
1 to 9 from Table 2)

Political conditions of India
320.954 (T2)
=320.954

Political conditions in Rajasthan
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320-9+544 (Tz) T
=320.954 4

Politica] conditions in Christian Countries
320.9+1761 (T2)

=320.9176]

1.5, i
31 Adding Areq Notation through the SS 09

Where there are no instructions buyt

th

B the subject of the document under classification requires
¢ addition of an area number fro

. m Table 2, then the area number’ is.added to the class
number via the sg 09, which works as a facet indicator: Nl

Child labour in India: an economic study- J
33131409 (T1)+ 54 (T2) ) 0
=331.310 954 '

Civil Rights in Commuhist Countries

323.4+09 (T1)+ 1717 (T2) = 323.4091717

Note: Sometimes, an area number may be added through "0" instead of 09. For example,
920.03-09 Biographies by specific geographical areas.

Biographies of persons living in India
920.0+ 54 (T2)
=920.054

Here as per instructions, the area number 54 for India has been added to the base number
920.0

Biographies of persons living in Rajasthan
920+0+544(T2)
=920.054 4
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Miscellaneous Public Law
343
Income Tax Law
343.052
The Indian law of Income Tax
343+54 (T2)+052 (from 343.052)

= 343.540 52 AN
Here 343 has first been divided by country (India-54))then the
resulting class number has been further extended by the subject
division 052 Income Tax of 343.

) .
Note: "A separate provision of the area lable since thg_;lf7 “edition has ~not ;):lydt;iigiuofid;?; ‘
details in subdivisions for various countries bul hg:s.‘;c"tl.‘so mad'e possible the i
earth and population clusters from various cqnag})f?ﬁal viewpoints "Theje are] .
geographic and socio-economic regions shown. as subdivisions of 1"(Volume i, Pp- <

Atmospheric pressure in F o;esté
551.54+09 (T1)+ 152 (12)—551.‘540 9152
Here "152" is forests from the Area Table added through the 56 09.

Note: As per instructions, each subdivision of 1 area is susceptible to be qualified by any

region 3-9 from the same table. This has increased the versatility of the scheme:

—

Standard of Living in Indian Villages
339.47+ 09 (T1)+ 1734 (T2) +0+54 (T2)
=339.470 917 340 54
Atmospheric Pressure in Indian Forests
551.54+09 (T1) +152 (T2) 0+ 54 (T2)
=551.540915 2054
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"add areas notation 3-9 from
falls outside the

ly areas from
ss 09 (Volume

Note: o

Table 1;".”'1‘; jn’;:d,’:):es' ‘m(;ny a time Instructions specify l.hl'll'

Jurisdiction of.' ‘ )fa that (he areas denoted by subdivisions | and'.? :
e such instructions. In such cases, we cannot add direct

subdivisions | and 2 (Table 2). needed we can add such class numbers vid the

1, pp. 2-13):

For example:

The foreign policy of non-aligned nation
327.1716
The correct number is 32709 (T1)+ 1716 (T2)=327.091

s cannot have the following number:

16 SUMMARY

The 19" edition of the DDC contains seven tables given in volume 1. Table 1 records
viewpoints, mode of presentations, and int,erh,al "forms of a document, for eXén.lple,
bibliography, encyclopedia, history, and_phil'ps"éphy, which are all standard subdivisions.
These standard subdivisions are attachable'to any class numbers in the schedules with the

of zero. In some cases, they are added with one, two or three zeros. Usually, filler zeros

help
o the main class to avoid contrary to the

are removed while adding a standard-subdivision t

instructions.
Table 2 is a list of poli‘tical,' geographical, geophysical areas and population clusters of the
world. Numbers from Table 2 can be added directly on instructions or through ss-09.

17 GLOSSARY

Schedules: It is a long list of classes arranged systematically along with their notations

Standard Subdivisions: These are non-subject recurring aspects of a subject usually
represents the viewpoints of presentation of subject or the medium and form of the document.
For example, philosophy, history and research Auxillary Tables and Devices 107 Page 3

Classification-DDC-1 9" Edition.
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- Build class numbers for the following titles:
a.

b.
c.
d.
e.
f

Social change in Indian Villages

Social change in Hindi Speaking areas of India

History of the Third World >
Political Conditions in Non-aligned Countries of Africe "
History of Third World during 1990-1999 “
History of English-speaking nations in the 19" Cetury

2. Classify the following titles using Table 1:

a. The Journal of Public Administration )

b. The Journal of Aptitude Tests -

c.
d

€.

f.

Research in Central Government in India
Dictionary of Algebra in Spanish
Statistical Principl\é;s;g)f Biology

Contributiongpf Tudians to Library Classification

3. Classify the ti_tlés. gi?én below using Table 2:

a.

b.

C.

86|Pag

€

Migratiph%f people from India to the U.S.A.

Migration of Buddhists to Europe

Exchange Rate between the US dollar and Indian Rupee
The British Colonies in Asia

British financial investment in the Third World
Emigration from India to English-Speaking Countries

Foreign relations with British Commonwealth Countries
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h. Laboyr Workers from
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Nepal in India
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ublic Libraries in Developing Countries
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LESSON 7
USE OF RELATIVE INDEX
Dr. Neetika Sharma
Librarian
Swami Shraddhanand College,
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sharon_niti@yahoo.com
6 'STRUCTURE 7
1.1 Learning Outcomes
1.2 Introduction ;\\::
1.3 Importance and Use of Relative Index
1.4 Structure of Relative Index | \\ i
1.4.1 Terms not included in thehge‘ihti\"l\e Index
1.42 Structure of the Index Paée’
1.5 Summary Q)4
1.6 Self-Assessment Questions
1.7 Glossary
1.8 References

‘ 1.9

Suggested Readings

‘1.1 LEARNING OUTCOMES

Assigning a class number to a particular document is not an easy task in libraries because it is
an intellectual activity and takes lots of effort to understand the main subject first. In this
process Relative Index plays an important role in likewise Tables (Volume 1) and Schedules
(Volume 2) of DDC-19" Edition. The present unit introduces to you the definition, nature
and characteristics, need and importance, organisation and structure of the Relative Index.
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12 INTRODUCTION

a particular doc ument and then how

/ )
elp of the 5¢ hedules (Volume 2) and
Index (Volume 3) 15 an important
portant role in guiding and

The present umit x‘\]\lmnx how to analyse any subject of
to assign a class number to the specific subject with the b
Tables (Volume 1) of DDC 19™ Edition The Relative
source of information for assigning numbers because it plays an 1m

geting the appropnate Class Number from Schedules and [ahles

1.3 IMPORTANCE AND USE OF RELATIVE INDEX

ignifi ' WE Jassification
The Relative Index has always been a significant part of the Dewey Decimal (lassifica
erm occurring in the schedules and all the

system "It is an alphabetical Index to every key t '
d has a value like

f schedules, but an entity itself an

tables. It is just not an aid to the use o ,
s/concepts implied or obtainable

schedules. In addition to the explicit terms, some term
through the number building process, and popular synonymous terms have also been

included" (Dewey,1971 & Dewey 2012, p.1221). Similarly, in the 19" edition Index, the total
number of more than 80.000 entries is far more than the total of 29,528 enumerated entries 11

the Schedules and Tables combined.

“The Index is called relative as it re’f)e’jses the pattern of collocation of subjects. In the
schedules the first division of the knowledge is by broader disciplines" (Miska, 1980, p485).
A classifier can see a glimpse.of the different features and implications of a subject. It is
called relative as it also de;iicts the relation of one aspect of a subject to another. It is useful
and a quick key to the classes and topics for those classifiers who are not very much familiar

with the whole structure and pattern of DDC.

S
i

14 STRUCTURE OF RELATIVE INDEX

The Relative Index is structured in a way that the proper names have been indexed under
their AACR-2 form. Its essential to determine the subject of the document then only you can
consult the Relative Index. The subjects are arranged in alphabetical order/position. When the
term is treated in three or more fields of study the number opposite the heading is to be used
in the interdisciplinary number. The arrangement is word-by-word; and entered in first-word
capital as under :
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Abra, Philippines
Abrading tools
Asia Minor
Asian

New York

Phrases have been entered in
rule:

Agricultural banks Q
Colour television )
F-region Iconosphere

Fabian socialism

Facial bones

Festive music Indian Desert, "
Indian hemp .,:\

Indian Ocean

Inorganic chemistry

"Adjective+ Noun" form without any inversion as a matter of

BLISe

(V8%
J

Compound (llyphgnéi;gd) words have been treated as if they were a single word, for example,

a hyphen is ignored:”

Franco-German war history

Franconia Ger.

Franconian

Highboys

High-calorie Cookery High-carbohydrate
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High compression-Ignition
High-energy
Higher

1.4.1 Terms not Included in the Relative Index
The terms not listed in the Schedules or Tables are as follows:
1. Names of all places, minerals, plants, diseases, and so on.
ii.  Persons, except for heads of state who are used to identify historical periods, for
example, Louis XIV: founders of religions

iii. Names of art or literary forms for particular languages and countries, for example,
American short stories. English poetry, Russian drama, Itdlian architecture, French

cooking and so on |
iv.  General concepts that occur in most fields _ér‘ii.i;.f‘:are represented by standard
subdivisions, for example, educational ad_niihi"stration, language laboratories,
mathematical :
tables, agricultural research, and busine\sskédu'cation.
1.4.2 Structure of the Index Page AN )
As a structural format of an Index 1nDDC the pages of each entry have been divided into
two columns by a vertical line in the.centre.
For example, |\
Architecture ‘
Assam India g
720 -

Or area-54ul" 62
o The Index is highly structured both semantically and typographically.

e Maximum use of indentions and typographical devices has been made to depict rank
relations and to show different aspects of the concept Indexed.

e A cross-reference has been defined as "An instruction note leading from the point at
which comprehensive works on a subject are classed (whether stated or implied) to
subdivisions of the topic located in numbers other than those subordinate to the
number used for comprehensive works."
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It means that apart from the Bible aspect of Exodus the readers are instructed to see under
Historical books (O.T.) for other aspects of Exodus. In the 19" edition, the most important 9f
the FOR references is see also type, transcribed in abbreviations in the schedules as s.a. This
mostly refers to the aspects not covered under the main heading

Habits
Child rearing home econ 649.6

Customs see social customs

Psychology I 52.33'
animals 156,233

schildren 1'55.4 12
s. a. psych of other specs. groups

s.a. Behavior

It means that some related material on habits may be found under the term Behaviour. So we
must explore the term Behaviour. Also an "s. a." Instruction appears under psychology,
which in turn appears under Habits, It means that two aspects of habit psychology namely
children and animals have been given. |

_—

"Under each entry, the coordinate and subordinate relations have been shown by Indentions.
This is rather a very fine and efficacious device. Understanding these Indentions is very
essential to the technical reading-of the Index, for example,

Ecology
Elemenjt_alfﬂiducation 372.357
Life science 574.5
Animals 591.5
Man 573
Microorganism Plants 576.15
Plants 581.5
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S. a. other spec organisms

Soc. theology
Christianity 261.8362
Comp. rel 291.178 362
s.a .other spec. rel
sociology 304.2
Analyses,
Ecology has four main aspects namely:
a) Elementary Education,

b) Life Sciences,

¢) Social Theology and

d) sociology with equal ranks among themselves and formed an array and beelxlll
shown typographically under the term ecology" (page 331 of the Index, 19
edition). a\

Abbreviations for the various Tab_‘lé“s"'as"'used in the Index are as follows:

Table Number Full Name of the Table Abbreviations used
Table 1 Standard Subdivisions S.S.
Table 2 Areas Area
Table 3 Subdivisions of Individual Literature Lit. sub.
Table 4 Subdivisions of Individual Languages Lang. sub.
Table § Racial, Ethnic, and National Groups r.en.
Table 6 Languages lang.
Table 7 Persons Pers.
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In thi i i !
this Unit we have discussed the need value, scope, entry format and use of the Relative
Index: The Relative Index:

* contains a word-by-word sequence of all the key terms in the schedules, the

Seven Auxiliary Tables and some of the synonymous terms,
o provides an independent approach to the Universe of Knowledgey "

\ e help to understand knowledge classification.

e provides a quick look at the various subjects/discipliqe_.ﬁ N

ich directs to unused

e provides synonymous terms, see cross-reference;- wh
dNg

terms and key to the abbreviations. A

Entry: A term or phrase followed by information in the form either of a number or a

referenceto another term or phrase, or bpth.

Indentation: Typographical sgttfijg'iﬁ which subheadingsare printed leaving a space to the

left of the line of the first letter of the main heading.

Index: Ordinarily an .alphabetically arranged list of topics/concepts in the book giving
information for each.item is to be traced using a number. In some indexes, the arrangement

may be other than alphabetical.
Relative Index: An alphabetical index to a classificationscheme in which all relationships

and aspects of a subject are brought togetherunder each index entry.

Scatter Reference: A cross-reference in the index not referring to a specific term but
suggesting a variety ofpossibilities. This is done by see also references.

See: A direction note from a not used term to theused term. A direction note referring the

user to related topics.

s.a.: This refers to related topics scattered in theIndex under different terms.
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w -bv-
aﬂ(;;del:iy‘ Word Alphabetization: In it
ged in the alphabeticg] order of thc,s

Emzl It is ‘a¥so called thenothing before-so
Y the British Standards Institution,

terms/concepts which have the same first words are
ubsequent word. Here the word(not the letter) is the
mething method. This method is also recommended

| 1737 SELF ASSESSMENT QUESTIONS

\\:’/E?:;St:he structure .of the Relative Index in DDC 19" Edition?
. rms are not included in the Relative [ndex?

Why is the Index of DDC called the Relative Index?

What do you understand by an entry in the Relative Index?

Sp.ell out the following abbreviations.

1L ed

. gen.wrks

M

. govt
Iv.  spec.
v. or.__

V. s.a.

vii.  vet.scl
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M-106 - Marketing of Library and Information Products and Seryices

I.1  LEARNING OBJECTIVES x

The present lesson defines the concept of c-marketing in the field of LIS. The power of "E"
has profoundly affected the way of marketing. The entry of "E" helps marketing by anyone,
from anywhere and anytime with just a click of the mouse. Basically, "E" refers to t.he
paperless exchange of business information using electronic gadgets. Generally, libraries
are service-oriented not profit-making organizations but special products and services need
to be promoted through an exchange of price for a fund which helps towards the growth and
development of document collection in libraries. Still, in the 21* century, the concept of e-
marketing is not fully understood by many library professionals. Each library and library
professional needs to identify the primary target markets and the composition of needs that
it would like to serve as its key constituency. After reading this lesson you will be able to
understand:

b) to establish the need and significance of e-marketing for information products and
services; demonstrate your understanding of the related terms in e-marketing;

¢) to describe the benefits of e-marketing both for the users and the providers of
information products and services;

d) to explain the classification of e-marketing activities and how these are different from
other types of e-marketing;

e) to address the key issues in the development of e-marketing strategies in the LIS field.

1.2 INTRODUCTION

Like all other spheres of life, the electronic has profoundly affected the way marketing is
adept today. In the earlier lessons, you have learned the promotional activities,
communication channels, and promotional strategies to promote LIS products and services. It
is proven that marketing in libraries is primarily concerned with the objective of creating user
value. The users, towards whom the products and services of the modern-day libraries and
information service providers are directed, change their lifestyles and methods of utilising,
storing and retrieving information. "Use of the World Wide Web and rapid developments in
broadband connectivity, supporting back room technologies, and constant endeavours to aide
programme integration of communication and information technology have broadened the
perspective of access to information and the possibilities of the search for it to undreamt of
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levels". Providers of information products, therefore, need to think in' terms of a new
paradigm, that of an empowered and informed consumer, with several choices, and an ever-
widening reach of enabling tools, like the internet and web browsers. Research suggests that
the application of the massive powers of the internet and supporting technologies to the

practice of marketing is referred to as electronic marketing or e-marketing.

electronic age has influenced the planning, designing

In this lesson, we would see how the
S products and services.

and implementation of strategies for promoting L1

—

The idea of marketing library services is not new. At ALA Conference in 1896, Lutie Stearns
talked about advertising the library. Thereby the word advertising was added to the librarians'
vocabulary. Fialkoff (2006) focused on the problems by which libraries are failures in
marketing. "Library authorities to some extent neglect the things and fail to communicate
with their users and their requirements, especially now that their audience is being attracted
or to expect a wide range of sources and services. By keeping these things in mind, libraries
can utilize computer technology to improve marketing efforts or to promote their sources and
services. But first, a library must need to get a better understanding of the requirements of the
users with the help of market research. In the process of market research, they can use
transaction log analysis, circulation records, user surveys, focus group interviews, and
informational interviews"(Krishnamurthy, 2005). This research process will be helpful to get
an insight that what your users expect from your library. In several environments, e-business
has increased, and the value of digital information in the process of e-marketing has
increased. One of the features of information is that when it is demanded as a product it
creates a new marketing approach and that is information e-marketing.

13 E-MARKETING IN LIBRARIES

"E-marketing refers to the application of marketing principles and techniques via electronic
media and more specifically the Internet. E-marketing allows librarians to help patrons
(users) access information in a virtual environment, using various methods such as e-mail,
chat, website, and so on. Three main factors, namely the information explosion, the
technology revolution, and growing library costs are responsible for encouraging the library
profession to develop an e-marketing approach in its operations and services. One essential
role of e-marketing is to create a series of exchanges.

"The Preﬁx ‘e-', is generally attached to any application that is associated with the
revolutionary tool of the internet. "In the context of e-marketing of information products and
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services for a modern-day library let us first try to understand the various related terms and
concepts".

E-marketing is a process of planning, executing, and promoting products and services by
using Information Communication Technologies (ICT) to meet the users’ needs. "The
concept, E-marketing of information and services of libraries is quite innovative because the
traditional concept has been changed from marketing to ‘E’, for example, E-marketing".
Now, today’s "world is preferring to have a digital environment, and libraries are also no
exception and trying to achieve their goals"(Marcial,2013, p.336). This lesson focuses on
how libraries can adopt and implement e-marketing aspects to utilize and improve
information products and services more effectively by applying different information
communication technologies.

ACTIVITY

Visit your local public libraries, campus college and university libraries to collect i
the information how these libraries promote their sources and services us_ipgﬂ__c-( :,;‘f
marketing strategies? o GG R

1.4 PROCESS OF E-MARKETING IN LIBRARIES

e

1.4.1 Planning of E-marketing

In the LIS field before preparing an e-marketing plan libraries should research their user
groups' needs and demands. Then they can use this information to develop a plan for the
targeted group of users. In an electronic era of information, libraries can’t stand and work
alone. They work closely with consortia, vendors, suppliers, other libraries, and their users to
meet their responsibilities not only in the library but also out of fancies. Regularly library
professionals are researching that in a world where the majority of our users are not coming
into physical libraries, how do we build strategies to meet the users where they are and get
them to good resources? Where are users on the web and how can we get to them?
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142 Requirements for E-marketing
The first requirement for successful
appreciation for what marke
concern in the marketing/e-
they are satisfied: if they
the library should value

-marketing in library and information services is a clear
ting is and what it can do. Satisfying the users is the primary
marketing process. "Users will only come back for more service if
are not, they will find a different resource. Thus, the philosophy of
user satisfaction, and everyone should have a role to play in
reproducing maximum satisfaction"(Haruna, Madu & Adamu, 2017). A library has to have a
sufficient understanding of existing and potential users to create superior value for them. This
value comes through increasing the benefits to the users. "One way to do this is at a user
orientation, which requires that the library understands the value to the user as it is today and
as it will evolve. This makes e-marketing more than just finding users for the available
information sources, services, and technologies. It makes marketing a partnership with the
user, who becomes a central part of the total service efforts.
The Ohio Library Council defines the e-marketing process:

* Begin the marketing process by examining your library's mission or purpose;

*  Assess library capabilities with a marketing audit and an internal assessment.

* Find out what products (services) your users want, and how they perceive the library,
through market research.

* Develop goals and objectives based on your mission and the results of your internal
audit and external research into what customers want.

* To meet goals, select strategies to promote your products that will work best, be
affordable, and reach your customers.

* Create a plan of action that describes all the steps needed to carry out the strategies for
meeting goals.

* Evaluate how well you have done, for example, in a digital public library, the first
part of your plan is to arrange a statement of your library's mission or purpose.

To fulfil this purpose you need to:

* select one service or one user group for this sample plan, for example, an annual
event,

e pre-schoolers, non-English speaking users, and retirees;

* describe how the marketing of this service or to this group will contribute to the
library's mission". For example, if part of your mission is to serve the community,
you could say that marketing will let the community know how you can serve
them.
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B e ol

}f_v_SQ»U;;(:Es OF E-MARKETING IN LIBRARIES |

There are several sources of e-marketing :
i E-mail: Using this tool library can provide virtual reference services, selective
dissemination of information (SDI) and so forth.

ii.  Users' opinion: Through such services, users' opinions, as well as feedback, can be
easily and speedily determined.

iii.  Newsletter: Providing general information about activities and news of the library.
Also, this plays a current awareness service (CAS).

Iv.  Websites: Websites can be the best source to attract users to the sources and services.
v.  Library Blog/Social sites: These are useful to inform and entertain readers.

vi.  Viral marketing: To do this, visitors are asked to introduce the library site to others.

IN-TEXT QUESTIONS

1. Libraries can utilize computer technology to improve marketing efforts or
promote their sources and services. 'I'rue / False

2. E-marketing more than just finding users for the available i
services, and technologies. True / False :

1.6 FUNCTIONS OF E-MARKETING IN LIBRARIES

At the functional level electronic media, websites, e-mails, and social media/blogs cover the
whole process of marketing.
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Fig 1.1: Process of Marketing
1.7 SUMMARY

So with the help of recent advancements, libraries have a provisioned to move information
products and services out of the restrictions of physical barriers. Now sources and services
are fully utilized by users with electronic gadgets. Libraries can offer more services
effectively. However, e-marketing requires a fresh look or widening the vision of the
components of the marketing mix and the implementation of the marketing effort. E-
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marketing in libraries for the

Promotion and utilization of sources and services is an essential
component of value-added se

rvices.

:soel;ng h‘brary QrofessiQnals fll.ld innovative methods of Promotion thr’oug‘h ‘engaging’ lf'brary

. § using online social media such as blogs and webinars. Marketing is more than library
displays and designing library websites for new professionals; "it involves all characteristics
from book selection, professional “stock arrangement” and social media in addition to new
add-on services like refreshments and entertainment facilities”. Librarians need to consider

many aspects of marketing including library branding, providing quality service,
sustainability issues and e-marketing.

Libraries and other organisations that are dealing with information society must be trained
and learn new skills to promote their library sources and services similar to the other product
marketed. "Traditional methods in libraries, for example, newsletters, display boards,
announcements and others can go together with social marketing using Facebook, Twitter,
RSS Feeds, blogs and YouTube to engage with the target group of users in the library"e
Bonde & Khande, 2015,p.3). "Social media provides a collaborative virtual community, a
two-way dialogue that is facilitated by “Virtual Community Managers”, elevating the
services and activities of the library to “design robust, enjoyable and memorable experiences
for their community” (Neville, 2014,p. 366).

It is recommended for any academic library desiring to improve the promotional activities of
their library. "The discussion of e-marketing using blogs, online advertising, viral marketing,
webinars and other types of social media is especially useful for the library professionals
hoping to engage younger library patrons using innovative, low-cost methods". E-marketing
can be relatively cost-effective and as simple as the use of online promotional calendars that
highlight new resources, services, news items and activities that complement the core
services.

1.8 GLOSSARY ,’

E-business: Electronic business is any kind of business or commercial transaction that
includes sharing information across the internet.

E-marketing: E-Marketing (ak.a. electronic marketing) refers to the marketing conduct
over the internet.
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E-gadget:

electric current passing through the device,

Physical Barrier:

An electroni y :
ic device has transistors or silicon chips which control and change the

environments th Physical barriers are structural obstacles in natural or manmade
at prevent or block mobility (moving around in the environment) or access.

19 ANSWE}IS TO IN-TEXT QUESTIONS /J

1. True

2. True

1.10 SELF-ASSESSMENT QUESTIONS l

1. Define E-marketing in libraries. Elaborate with suitable examples.
2. What is the process of e-marketing in libraries?

3. What are the sources of e-marketing in libraries? How do sources of e-marketing
function in libraries?
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Answers to In-Text Questions

Self-Assessment Questions

1.10  References

L.11  Suggested Readings

1.1 LEARNING OUTCOMES

This lesson aims to make understand the role of public relations in the promotion of LIS
products and services. After reading this lesson you will be able to understand:

* How PR works in LIS education;

* role of national and international organizations to project the image of libraries;

¢ role of media in PR work, and
e sources used for PR

!

1.2 INTRODUCTION ’

The aim of public relations in libraries and information centres is to build up a strong
connection with users, make users active, forward-looking, quickly responsive to public
demands, interested in progressive methods and economy, operated by devoted and highly
skilled staff and busy in helping more citizens in every category. Public relations helps to
discuss your success/achievement, distinguish you from the competition from the other
information providers, and also provide a stream of ideas for the audience/users. It also
explains the objectives and vision of the library, problems, plans, projects, personnel,
standards and accomplishments.

1.3 PUBLIC RELATIONS IN LIS FIELD

1.3.1 Public Relations in Libraries

The Public Relations Society of America defines public relations as "a strategic
communication process that builds mutually beneficial relationships between organizations
and their publics".
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In. LIS education public relations means the act or process of putting the library into a
friendly and understanding relationship with users of all categories, for example, faculty
members, research scholars, students and other staff of the organization. It helps to
understand every citizen about the functions, policies and procedures, the extent and warmth
of the community's goodwill toward the library, and its appreciation for the quality and
morale of the library's staff and services.

1.3.2 Objectives of Public Relations in Libraries
So, the main objectives of the library PR programme are:

1) to create library consciousness among the people of the community;

2) to spotlight the existence of libraries, where they are located what they contain, and
3) to identify the services they provide to help people in their learning and teaching;
4) to make constructive use of their leisure hours,

5) to help people remain well-informed;

6) to increase their theoretical knowledge of their resources.

1.3.3 Prominent Forms of the Common Core Information
The common core information is often publicized in the form of :

1) Press release;

2) all types of information flyers;

3) advertisements for open positions;

4) announcements of new appointments and retirements;
5) media advertisements;

6) articles;

7) manuals;

8) programme announcements

ACTIVITY

Make a list of activities that an academic library might carry out locally inusers
interest to obtain goodwill. Look around your campus and in the newsletters of
colleges/universities for ideas.
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1.4 PUBLIC RELATIONS ON NATIONAL AND INTERNATIONAL

L.4.1 Public Relations on National Level

Looking at the national level, one finds that the governments own national, parliament, state
assemblies and departmental libraries. They also give financial aid directly or indirectly for
the maintenance and development of public libraries. They also provide financial aid to
academic libraries. "Therefore, becomes obligatory that the members of national, parliament

and state assemblies and the bureaucrats be kept informed on the vital role of the libraries.
Financial stringencies must be opposed.

At their national level library association like ALA and Library Association (London) have
magnified library images at the intemnational level" (Russo,2001,p.3). They have promoted
participation in international conferences, the establishment of fellowships for librarians of

developing countries, making arrangements for visiting librarians, and publications of
international value.

1.4.2 Public Relations on International Level

International bodies like UNESCO, FID, and IFLA have played a vital role in projecting
library image on the international scene. UNESCO has been playing a vital role in the
development of libraries in many parts of the world. Even though, Unesco is concerned with
all kinds of libraries it has paid special attention to the development of public libraries in
those countries which have been fortunate enough to have them. "The initiation of the pilot
public library projects at Delhi, Enugu (Nigeria), Medellin (Columbia), and Latin America
demonstrate Unesco's faith in public libraries as institutions where everyone can obtain
knowledge in the way one ikes best. Unesco has generated the idea that public libraries can
bring about an intellectual, social and economic revolution through the dissemination of
knowledge and information"(Russo, 2001, p.2). As a result of this transformation of the
human mind, librarians, particularly in the less privileged countries, have gained a better idea
of the great potentialities of the public 'library'; while the government authorities and the
decision-makers are convinced of the utility of these institutions in life-long education and as

effective information centres for the whole community; hence their greater support for these
institutions of public mental health.

IFLA operates sections for national and university libraries, public libraries, special libraries,
parliamentary libraries and administrative libraries. "There are also subsections working for
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libraries in hospitals, children, astronomical and geographical libraries. IFLA Committees
per-fon work relating to library education, rare books, periodicals, statistics and library
buildings. LIBRIS is a powerful journal. Similarly, FID has made great contributions to
spreading the latest developments in documentation, information science and UDC
throughout the world"(Baldock, 1993, p.7).

—— —

15 PUBLIC RELATIONS AT UNIVERSITY LEVEL

The support of the Directors and other library administrators can be powerful advocates for a
library's resources, programmes and services. Everyone on the university campus must be

kept informed about the library's sources and services.

1.5.1 Vice-Chancellor/President

The librarian has to inform the Vice-Chancellor of the university about the library's progress
and problems. If the library is poorly or brilliantly organized, the Vice-Chancellor will come
to know about it from the faculty, students or even the alumni. But if the librarian requires
new types of equipment for initiating new services, he/she must keep the Vice-Chancellor

informed. The Vice-Chancellor is also kept informed about:

1) book funds;

2) means employed in integrating the library wi
programmes;

3) the library costs involved in starting new COurses;

4) building's expansion for accommodating new acquisitions, and new types of

th instruction, teaching and extension

equipment;
5) new activities like the computer application to
or extension of buildings or unusual expenditure of funds;

6) the advantages and disadvantages of decentralising collections and services;
7) the wisdom of separate undergraduate libraries:

8) the money earmarked for the purchase of special and rare collections;

9) the quality of staff and costs involved to operate a first-rate library; and

10) the aspirations of staff for recognition and appropriate faculty status, etc.

libraries which call for modifications

To get wholehearted support from the Vice Chancellor of the University the librarian should
be careful to present all sides of his recommendations and problems.
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1.5.2 Library Advisory Committee

Library Advisory Committee is another possible way for the librarian to interpret his sources
and services. Advisory committees should be advisory, and consultative for the library and
can be greatly helpful in promoting the source of the library. The library advisory committee
can be representative and can collect the requirements of the students and faculties.

1.5.3 Faculty

In addition to library committees, the librarian must work in close cooperation with the
faculty for projecting the library image in the university and among students. Since faculty
and students are the primary users of a university library, their needs must be extremely
important to the library in setting goals. Faculty dependence on recorded knowledge in their
teaching and research is the foundation of university librarianship. This dependence can be
translated into appreciation or criticism. A wise and visionary librarian would make an effort
to turn constructive criticism of collections or services towards greater library support. As a
participant in the university educative programme, the librarian operates the library on the
teaching and research level.

For faculty, the common denominator of the library lies in getting the books they want and
getting them as fast as possible. The daily association of library staff with faculty and
students is more important than any other type of library interpretation. Courtesy,
conscientiousness, understanding, sympathy and adaptability at reference and loan desks are
the pre-requisites for selling the library idea.

a 2

IN-TEXT QUESTIONS

_ UNESCO playing vital role in the development of libraries. True/False
2 UNESCO has generated the idea of Public Libraries. True / False

3. FID has made great contribution to the spreading the latest development in
documentation, information science and UDC throughout the world. True / False

& g/
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lffET OTHERS (OFF-CAMPUS GROUPS) INVOVED IN PR

The off- , , . .
‘ff campus groups, for example, alumni, professional friends, and professional forums,
a ot _ :

ssociations and organizations can be a powerful source for set public relations

1.6.1 Alumni

The Alumnus is given a special status; he/she should always be welcome for brief periods.

Alurmni who live near the university may make use of its library directly; others may seek by
mail; they may also ask for reference and bibliographical services. "The PR with the alumni
assumes greater importance when the librarian is interested in build-up @ library through their
help. The alumni can be of vital help to the library by forming a 'Friends' Group, making

donations, and listing the support of persons in a position to be of genuine assistance t0 the
elations with the alumni, the librarian may organize exhibits

librarian. To cultivate friendly r
for Alumni Day and try to meet as many alumni as possible and keep them informed about

library services and needs, outstanding acquisitions, memorial book gifts, special services,
and news likely to be of interest to the alumni"(Baldock,l993,p.6).
extent, represent their college and university libraries; public

f members of the community. The former generally
library collections using gifts or contributions, the

The alumni groups, to a large
library groups contain a cross-section 0
carry on efforts to aid the growth of the
later is more concerned in:

1) stimulating increased awareness and resulting use of the library;

2) stimulating increased financial support-public and private;

3) coordinating the effort of all groups and individuals interested in the library,

4) promoting the greatest possible use of the library; sponsoring cultural and related
programmes for the community: and

5) sponsoring and stimulating voluntary service for the library.

1.6.2 Professional Friends

Friends look upon the library as an informational and cultural force in the community, as a
source of inspiration and as a tool to promote individual, civil, and national development.
Friends organizations are established for promoting understanding of the library-its
limitations, its services, its physical facilities, and its resources. More specifically, they may
and frequently do promote and encourage gifts to the library either in kind or cash.
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1.6.3 Participatio P
Pation of Librarians in Professional Associations/ Organizations

Wilson and T
aub . . —
libraian has er| enumerate five groups of organizations, with which the university
atone time or another, worked. These are:

1) Library associati
' ry association-local, state, regional, national, and international,
2) Educational associations:

3) Government offices and departments;
4) Educational foundations; and

5) Leamed societies.

The type of activities of these organizations which appeal most to the librarians include the

following:

1) the development of international cultural relations; '

2) the compilation and publication of major catalogues and union lists;
3) the establishment of regional union catalogues and bibliographical centres;

4) the description of the holdings of individual libraries and groups of libraries;

5) the improvement of college and university book collection;

6) the improvement and support of education for librarianship, ' L
7) the development of physical facilities for the photographic reproduction of materials;

8) the reduction of costs of library technical operations; . . '
9) the accomplishment of other undertakings-all of which are intended to contribute t0

the promotion of research and the advancement of scholarship and librarianship.

So, the participation in professional meetings of the state or the national associations of t.he
learned bodies may encourage and refresh the participants and they may return hor.ne with
new experiences, new vision, new ideas and new methods to try, which ultimately improve

services having their impact on the educational role of the library. Confident and enthusiastic
staff members, receptive to hopeful professional thought and the latest techniques of
operating libraries and disseminating information, gain the confidence and respect of their

teaching colleagues.

1.7 SUMMARY

The public relation and extension programme aims at converting the library into a dynamic
part of community life. The librarian discloses the sources, analyses the contents of
documents for the uninitiated and leads them to use the documents for themselves. Having
done this the librarian enters the fields of PR and extension services to spread the news of his
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service to make his |j .
leisure. All the Wals t;ibrary a living force in lifelong education and the intelligent use of
the library. y through public relations the librarian wants to announce the purpose of

1.8 ﬂ?WERS IN-TEXT QUESTIONS

1. True
2. True
3. True

1.9 SELF-ASSESSMENT QUESTIONS |
S ————————————— " e ——————— ———— “M‘
1. Explain with examples, how Public Relations works on 2 National and International

Level.

2. How do Public Libraries Work at University Level?
e helpful to set up

am———

) et
3 How others (off-campus groups) can b Public Relations mn libraries’
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1.9 References

1.10 Suggested Readings

11 LEARNING OUTCOMES

Advertising in very common definitional term is "any paid form of non-personal
communication of information about products or ideas by an identified sponsor through the
media to persuade or influence behaviour of the people in such a manner as to induce them to
buy". You will be able to understand:
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o principles and practice of advertising,

o understand the advantages,

e objectives and limitations of advertising;

use of different media and techniques of advertising,

o help facilitate the

o analyse the various appeals used in advertising;

e apply various advertising concepts and models, and

o planand evaluate advertising effectiveness.

1.2 INTRODUCTION |

e TR =T

nsidered a creative marketable message aimed at selling products and
services. It can also be used to increase sales or publicise social messages. It is the means of
support of media for their continued existence. At the same time, some people think that
advertising is just a waste of money and manpower. The very common terminology of

-personal communication of information about products or ideas

advertising is "any paid form ofnon
by an identified sponsor through the media to persuade or influence behaviour of thepeople in

such a manner as to induce them to buy".

Advertising is €0

A question is arrive to mind despite so many other forms of promotion, why do we need
advertising of products and services in libraries? The answer is that production is incomplete
e in products and services if users don't utilize

without consumption and in libraries, there is no valu

them. Library professionals need to make aware of the availability of the sources and services.

Through advertisements, library professionals draw user attention to the product.

1.3 ADVERTISING AND PUBLICITY IN LIBRARIES

Communication is an important aspect of marketing especially in libraries because it is a two-
It assists to develop a better understanding of

way process between the user and the library.
users, their needs, and requirements. Interactive sessions with users consist of important
dialogues and allow one-to-one contact with

the following four elements in the context of the library:

the user. AIDA model for advertising includes
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Attention/
Awareness /

Fig 1.1: AIDA Model

AIDA Model was developed by Elias St. Elmo Levis in 1898 and defines as "an advertising
effect model that identifies the stages that an individual goes through during the process of

purchasing a product or service".
e Awareness: When users are aware of all sources and services of the library.
e Interest: When the users are interested in the products and services of the library.
e Demand: When the customer develops an insist on/want for the service.

e Use: When users use the sources and services.
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our locality and college/university library in your
ding that how these libraries use
7 How they attract

Visit any public library in'y
campus and collect the information regat
AIDA model for advertising theit products and services

users to use the library?

14 USE OF VARIOUS MEANS OF ADVERTISING IN LIBRARIES

In libraries, advertisements work for publicity and create awareness among the users and also
use for image building of the library. Advertising can be defined "as any paid form of non-
personal promotion "(Kotler, 2000). There are several ways for advertising, for example,
printed and non-printed flyers, instruction manuals, broachers and booklets, posters and
leaflets, directories, reprints of ads, billboards, display signs/signboards, audio-visual
material, PowerPoint presentations, symbols, 10gos and so on.

In libraries, most advertisements are placed in magazines and newspapers, on notice boards,
websites and bulletin boards. With the help of such media, users can select what are their
requirements, what is available in the respective library and how to use them. Libraries can
develop simple advertisements with short messages, using bold headlines and captions.

Table 1: List of Tools for Sales Promotion in Libraries

Advertising ~ Sales Promotion Puklicity
Print advertisements | Sampling ; Press release
Radio jingles Discounts on books Seminars
Inserts/pamphlets Increase timings of the | Workshop
library

Movies Rebates Online meet
Magazines Demonstrations Alumni meets
Manuals Videoconferencing
Booklets Community relation
Logos
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Brochures
Prospectus
Annual Reports

Source: Kotler, P, & Armstrong, G. (1994)
planning, implementation, and control, Philip
International.

. Marketing management, analysis,
Kotler. London: Prentice-Hall

1.5 SALES PROMOTION IN LIBRARIES S oo
1.5.1 Meaning and definition of Sales Promotion
"Sales promotions are those incentive schemes which aim at encouraging
product/service usage at the consumer level" (Chopra, 1998, p.476). "A'sales
promotion is a marketing strategy in which a business uses a temporary campaign or
offer to interest or demand its product or service" (p-477). In the marketing

environment, the most frequently used tools in this category are "contests, games,
s, premiums, gifts, sampling, fair and

exhibitions, sweepstakes, lotteries, demonstration:
trade shows, rebates, low-interest financing, entertainment, trade-1n allowances and
orical importance can

trading stamps etc".
In libraries, an exhibition of rare books, and manuscripts of hist
enhance the use of such collections. Display of online services, bibliographical services,

abstracting services and the use of online gadgets can be helpful in sales promotion.

1.5.2 Prominent Media for Sales Promotion

1) Atmospherics: Kotler and Andersen define it as "the conscious design of
space to create Of reinforce specific effects on buyers such as a feeling of
well-being, safety, intimacy of awareness" (Kotler & Armstrong,1994). The
library building should be well maintained with a service orientation
atmosphere, comfortable furniture, research cabins, user-friendly lights,
decorative inners, and so on. This type of atmosphere provides a positive and
satisfying environment. The inner ambience should have basic facilities,
adequate signage (signs) system which promotes the utility of a library.

2) Brochures, Flyers, and Posters: In libraries, professionals can use brochures,
flyers, catalogues, pOSters, manuals and so on. These are effective
communication, and media with user groups. It is observed that we get
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various brochures inserted in newspapers. Often we find them quite attractive
and attention-grabbing, and directly or indirectly motivating one 0 see and
read them. "The language and message wording, used for a brochure, should
beso absorbing that it motivates the reader to read till it ends" (Rowley, 1998,
p.3385). Posters should be displayed prominently throughout the organization.
bring out periodical newsletters to inform their
activities or information. "The newsletter must
atest books/information, any new services

d, workshops/seminars/ conferences held or
and so on. "Newsletters should
also cover professional

le, new appointments,

3) Newsletters: Libraries can
users regarding forthcoming
contain information about the 1
added, any library event organize
planned, computerization of services,
represent their professional style and may
information"(Rowley, 1998, p.3385), for examp
promotions, and award presentations.

1 libraries especially academic libr

demic and cultural activities

e different programmes like user orientation,
seminars, debates, quiz

aries should act as

4) Extension Activities: Al
to promote their

active centres for various aca
membership. They can organis

information  literacy, lectures, ~workshops,
competitions, book exhibitions, etc on a regular mode. "Regularly hosted

activities can quickly catch the users' attention and improve the image of the
library. Exhibitions of products and services during conferences/seminars, etc.
are helpful to publicize the initiatives taken by the library for their users”

(Rowley, 1998, p.3387).
shots are "a dispatch of mail, especially

material, to a large number of people/user. It is a personal approach to
e library" (Rowley, 1998, p.338). It can be a

t/reminder, alert and so on. Publishers
urces.

5) Mail Shots: Mail promotional

reaching prominent users of th
piece of information, announcemen
usually send mail shots to users about their new so

6) Personal Selling: Personal selling is a type of face-to-face interaction with
users to maximize the usage rate of sources and services. This type of
interaction is best for products and services which are worthy, for example,
les, fairs and

sales promotion, sales meetings, incentive programmes, Samp
and samples of CD-

trade shows, free browsing hours for online searching,
ROM searches may help in attracting more subscribers.
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7) Pfrsonal Talks: It is the best technique to develop good personal relations
with users in the library. This two-way beneficial approach will not only help
the libraries and the library professionals to improve their image but also
create a place among the users for wider acceptance.

8) _Sponsorship: Although libraries happen to be social institutions, it is very
important for getting sponsorships that the library creates awareness among

the users about the need and importance of various sources an
have for them to use, especially due to dynamic changes taking place in the
world of information and knowledge to keep aware of the users with the help
of organizing several activities. "As the librarydeals with numerous books,

periodicals, electronic resources, suppliers, booksellers, vendors, and
publishers, and they are being the beneficiary of library purchases come

forward willingly to financially support the libraries to give momentum to the

use of information resources” (Gedenk, Neslin, & Ailawadi, 2010, p-293).

nference 1S nothing but 2

"A press CO
arning and

9) Press Conferences and press releases:
e media participate 10 le

meeting in which representatives of th
publicizing the event or new item they are representing and a press release is
a written communication sent to & selected set of press and broadcasting
media" (Blattberg & Neslin, 1993, p.553). S0, a library and when organising a
press conference should provide media written/printed support material,

photographs etc. t0 attract the attention of the larger people. Therefore, a
well-presented press 1€ teresting and accurate has a

Jease which is timely, in
wider impact on promoting the image of the library among the ample of users.

Users are an important part and parcel of any library and the ultimate satisfaction is important
for library professionals. Advertising may play a significant role in its performance and user
satisfaction. This may possible when the libraries have a positive sales promotion attitude
based on the user's requirements and deliver value to their information needs and
fexpectations. Thus, we can conclude that advertising and sales promotional activities can
improve the image of libraries and also help to increase the use of library sources and

services in a very effective way.
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1.7 GLOSSARY

Advertising - Itis a means of communication with users of a product or service

Brochures  : A small book with pictures/illustrations and information about
something.

Promotion  Things or activities you do to advertise a product and increase its sales.

Sales  The action of selling or being sold or the occasion when something is
sold.

. . s . s y event
Sponsorship  : This is a form of advertising where a company will sponsor somé

or organization.

}

18 SELF-ASSESSMENT QUESTIONS ,/—”—"J

e e T——— T

. .
1.  Explain the concept of Advertising. Discuss the factors that influence advertising
libraries, with suitable examples.

2. Define the term Sales Promotion. Discuss some effective means of sales promotion

in libraries with relevant examples.

3. Discuss the extension activities that {ibraries used to promote users.
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1.1 LEARNING OUTCOMES |
After reading this lesson, you will be able to understand:
o Pricing and LIS Products and Services;
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o Market Library Products and Services,
o Key Approaches to Pricing in LIS Field;

1.2 INTRODUCTION

The concept of marketing, promotional activities, distribution channels, and so on are not
new but LIS professionals have only recently become aware of the need to market their
products and services. The products and services of the library are now being recognised as
commodities that can be purchased, sold, exchanged, borrowed and passed on. Today, the "
survival of a library depends among other things on its image in the minds of the users and
fund allocators"(Narayana, 1991, p.187). Libraries must also communicate with existing and
potential users to make them aware of better and more competitive products and services
offered, and also to build and maintain the best relationship. However, to communicate
effectively library professionals must understand the user's field of knowledge because users'
needs are varied subject to subject. Distribution channels and communications strategies play
an important role in identifying the prominent users, and their needs and developing effective

relationships.

The use of distribution channels and communication strategies is very much applicable to
libraries and information centres as they are service providers. But it is also important to
select an effective means of communication. So that libraries adopted several methods of
communication to promote their sources and services. Apart from traditional methodologies,
library services can be channelised with the help of smartphones, mobile apps, e-mails, blogs,
social platforms, websites, and many more. Librarians should make a habit of writing a daily
column in the newspaper to give information about new sources and services and update
users as well.

1.3 WHAT IS PRICING?

In general, the cost is a fact and the price is a policy. "Price is the amount of money charged
for a product or service"(Kotler, et.al.2010,p.247). Price is important in every sphere of life
because you need money/price to promote your products and services, and to establish the
channels of distribution and survival.

Price is the most flexible marketing mix element in the marketplace. "Price can be expressed
in currency; however, it can use goods or services. In the library, the price can be used to
express the value of information sources and services, for example, online databases, e-
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journals, e-books, e-magazines and so on, other online services like digital reference gervices,
ask a librarian service, web forms, online document delivery, interlibrary loan, online help,
online information skills tutorials, online current awareness bulletins, email-based services,
online scholarly journals and other sources, physical products like a CD-ROM and many
more (Brindley,1993).

Survival
(Existence of /
‘ Libraries)
Mul-l-\' .
R Current Profit
} 3 hEG . (Maximum User
S pRiciNG \ " Satisfaction)
_ OBJECTIVES .
$ / - T Mnxlnul)hrkﬂsm\\_
Tz e 7 (Maximum Sharingof
\ Services) ]
. N |
" Market Skimming e.g.Consortiums /
(Appreciation) P

Libraries are known as service-oriented organisations, not profit-making organizations, but
these days the increasing cost of sources like online databases, scholarly journals and others
forces libraries to sell their products and services. "Marketing is only an instrument through
which the objectives of the library can be achieved"(Brindley, 1993,.p.298).

1.4.1 Income-Generating Activities in Libraries
On average about 10-20% of funding for academic libraries comes from income generation

activities. Libraries can charge for the below-given services:

1) Reprography/photocopy
2) Inter Library Loan like DELNET
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3) Online database service

4) Training courses

5) Indexing service

6) Publications charges like NISCAIR and other organizations

Some organizations like NFLIBNET, DELNET and many more are charging money for
their sources and services, such as organizational publications including newsletters,
magazines, and so on. A wide range of factors should be taken into account when

determining price and moving towards pricing such as:

r to make a profit
ble 10 respect of

Delermine pricing objectives fo cover costs 0
and reflect on the level of risk that is accepta

any losses.

including any physica

Calculate the cost of production,
staff time devoted

production costs and if deemed appropriate,
to the project.

Estimate sales. based on the sale of previous publications. or the
size of the potential users. Size may depend on the potential
outlets. such as whether sale will be through a special event or

library bookstand.

Estimate sales revenue at different levels of sales such as

25%, 50 %,75 % and 100%.

Calculate unit cost and unit sales revenue and taking into
account the pricing objectives.

Fig 1.2: How to price a library publication
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1.4.2 How to Market Library Products and Services?

Typically, the organization will use some of these in complex pricing models designed to
achieve the pricing objectives of the organization. For “some products, such as books or the
user market for CD-ROMs, there will be a list price for the item, which is set after
consideration of the pricing objectives, including financial and marketplace performance
objectives. Pricing strategies for e-resources are particularly more complex, and several
approaches to pricing and payment for access to databases and electronic document delivery
have been tried. The early online search services based pricing on combinations of connect
time charges, display/print charges, telecommunication charges and charges for special
services"(Brindley,1993,p.302). This model has to some extent been outmoded by
approaches based upon subscriptions, contracts with consortia, and pay-as-you-go. Another
very significant difference between print-based information products and electronic
information products, where payment is based on access (rather than subscription), is that the
customer pays for the print product in advance; online information on a pay-as-you-go basis

is paid for when it is retrieved, or after.

1.4.3 Key Approaches to Pricing in the LIS Field

1) Item-Based Pricing

ommon in the information market that the price of any document or $€
s, and different versions (for example a

dent in the market for e-resources
fferently and based on different
and different prices are set for
greed price

rvice can be

Itis very ¢
varied based on different prices in different countrie

large-print version or a talking-book version). It is very evi
that, different publishers/suppliers may set their prices di

negotiations. So, even though the price level may vary,
different versions and different market segments, the /library consumer pays an 2

for the item.

2) Pay-For-Use

Pay-For-Use is basically set up for electronic resources in libraries. "A variation on item-
based pricing that is used for e-resource is where the user pays for the information when it is
accessed. Open access or google, for example, may provide access to some information free,
but should an individual wish to download a list of several thousand addresses for marketing
purposes, the user will be charged for this based on the information that has been
downloaded" (Synder & Davenport,1997). Similarly, document delivery services allow
consumers to order journal articles through their Web-based services. The end-user or library
will be charged for the item ordered/accessed, for example,
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a) Dialog Alert Service

Charges for Dialog Alert profiles vary, depending on the source database, frequency of Alert
run (e.g., daily, weekly), and delivery method. Up to 20 prints per profile per update are
included. except as noted in the Database Rates section of the Price List

(https://dialog.com/commercial-databases/).

b) Dialog Interactive Alerts

ervice with subscriptions to predefined strategies
"The pricing for this service has two components:
Titles Lists' and articles to recipients' e-mail
d'. Dialog Interactive Alerts charges
thly Dialog invoice. See our Web

"Dialog provides an interactive alerting s
covering top publications and newsletters.
the 'Flat Delivery Fee for distributing Interactive
boxes and the 'Article Fees for the specific articles ordere
are part of your total Dialog usage and are billed on the mon
site for more information” (https://dialog.com/commercial-databases/).

3) Contracts with Publishers

Access to e-resources, such as bibliographic databases, e-journals collections and other

databases, is increasingly provided to the end-user through libraries or consortia which are

increasingly functioning as powerful mediators in negotiation with publishers. "Contracts,

which hold price and licensing arrangements, and specify how the information that has been
acquired may be used, are agreed upon and reviewed, typically on an annual basis. Individual
libraries then have contracts with the consortia for access to all the negotiated products, or an
agreed subset. The advantages of such contracts to the publishers are guaranteed visibility in
the marketplace through association with significant academic and public libraries. In

addition, licensing arrangements include controls on the use of the information, which

ensures the protection of intellectual property"( Mu & Benedetto, 2011). For libraries and
their users, the advantages of the consortium arrangement are wider access to electronic
information and support in its acquisition and use from the consortium and other members of

the consortium.
4) Open Access/Free Information

Academic libraries may offer basic access free to registered users but charge for other more
personalized services." Many publishers have commercial reasons for providing free
information resources/open access. Increasingly information is provided to consumers as part
of the augmented product, or to lubricate the wheels of the relationship between the consumer
and the retailer or producer” (Weingand,1999). The use of information in building
communities and attracting attention is most evident in the Web portals that are being
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established by increasing numbers of organizations. Such portals are interested in increasing

traffic to their site and use information among other feature
repeat visits.

s to entice consumers to make

5) Promotional Pricing

th a promotion that is designed to

Special pricing tactics may be adopted in association wi
view, promotional

draw attention to a product. From the customer relationship point of
pricing is designed to encourage switching from a competitor's products. Major current

awareness services based on the contents pages of journals are offered free to encourage the
purchase or acquisition of journal articles or books from the document suppliers.

ACTIVITY

Visit libraries of your area or campus and make a list of sources and seryices

which have cost/price in market.

1.5 DISTRIBUTION CHANNELS IN LIBRARIES

Distribution is a type of marketing activity concerned with distributing the products from the
manufacturer to the customer, making the product available and easy to buy. So, distribution
channels are the methods or intermediaries by which companies deliver products and services
to end users. Some companies directly reach their end users, while others might use a retailer

or wholesaler to serve as an intermediary. Companies may also use agents or brokers to

facilitate the movement of products to distributors that sell those wares to the customer. Past

time remembered when promotion was done through government-claimed 'Radio Stations'
where a little bit of sound used to be played about the item.

There are some prominent channels and distribution are as follows:

1) Interpersonal delivery

2) Direct selling/Inhouse dissemination
3) Selling through intermediaries

4) Dual distribution and reverse logic
5) Local depositories
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6) Mass media
7) Mail

In libraries, the marketing and promotion of the library services have a huge impact on tl'1e
users and that is going to remain for many years. The information provided to the user within
the time using different modes of communication defines the way We do the marketing of the
LIS products and library services. This process involves technology, machinery and
manpower. The technology does not dictate everything to the librarians to serve the users
because it is merely a medium which supports the LIS products and services.

Usually, the librarians use the following distribution channels :

1) Annual Reports

1 document submitted by the librarian to inform the
gress along

The annual report of the library is a writte
e library's services, achievements Or I€

users keep informed on the aspects of th
with possible reasons for shortcomings.

2) Handbook
struct and assist users. It contains factual

f the main services, the locations of main
t of books, the method of issuing

Small handbooks are a valuable device to in:

information, a diagrammatical representation 0
ons and service points, the location and arrangemen

collecti:
ulations of the library and so on.

returning documents, the rules and reg

Printed Catalogue/OPAC

A printed catalogue/OPAC is an important means of publicising library content. It may
include total holdings of the central as well as branch libraries or may be restricted to special

collections of the library.

3) Websites

promotional expenses may promote their sources
highlight news regularly related to the latest
additions’, statistics of readers and issues, changes in the issue methods, changes in the
working hours, special and collections, improvement in the facilities to the public,
arrangement of exhibitions and occurrence of events about which special bibliographies may

Those librarians who cannot even afford the
and services through websites. They can

be prepared.
4) Posters and Bulletin Boards

142 |Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



M-106 - Marketing of Library and Information Products and Services

A striking poster may have an appeal comparable to that of a beautiful piece of sculpture or a
nicely printed book. Posters, pictures, book jackets, maps, slogans, and notes on special days,
authors, and events, constitute the display material for the bulletin board. An effort should be
made to connect national, educational, scientific, and local campus events with the use of
library materials. To command attention, and to be more effective, displays should be neat,

simple and visible.

5) Personal Talk

Direct personal talk is the simple and the least expensive met '
non-users into regular users of the library. Oral publicity is in effect PR tool for acquainting
the people with the contents and services of their libraries, and also the informational and
bibliographical works undertaken by their staff. The university and college librarians are
expected to talk about libraries to new entrants, students' organizations, faculty members, and

often to outside bodies as well.

hod of publicity. It can convert

these days are using social media for the
dia (below given) alone can handle
ome prominent examples are as

With the traditional methods of promotion, libraries
marketing of their products and services. Today, social me
promotional activities to advertise products and services. S

below:

o Facebook
o Twitter

o Blog

¢ LinkedIn

e YouTube
o Instagram

e 2

- Y
Fig 1.3: Social Networking Sites
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1.6 COMMUNICATION STRATEGIES IN LIBRARIES ot

ources and services and try to
First of all, it is important t0
y are t00 varied which

ers about the latest and existing 8
ibrary and the user.
f library users because the

Libraries must inform their us
maintain a holistic approach between the |
know the need, desires and requirements 0

affect their needs.
d sources and services.

In libraries, modem marketing calls for more than just developing 800
te with current and potential users, and what they

Also, library professionals must communica
tion works as 2 central element of the way

communicate should be well arranged. Communica
users relate to and cooperate because it is concerned with sending and recetving knowledge,

ideas, facts, figures, goals, emotions and values. In libraries, communication is more than a2
marketing tool because it's not just sending and receiving information t0 cooperate but
equivalent to that they are constantly communicating their self-images to all around them. A

marketing communication Strategy helps to create priately

clearer, sharper messages appro
directed to users in the libraries. Different stages in the design of communication strategies :

Identify the prominent [target users

Det

Selection of commupication channels

B
W

Establish promotiona] budget

i

Design on promotional mix
B

& :‘2

Fig 1.4: Stages in Designing Communication Strategies
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Stage 1 Identify the targetprominent users:

The first stage in communication is to identify prominent/target users Library pmfcssifmals

must find the prominent categories of users, the sources and services they want and the

benefits they are looking for. However, users always require an €asy, comfortable, and
also recognize the user's needs for a

convenient way to get what they want [he libraries
from different

place where they can meel other users with the same interest or people
backgrounds and skills.

Stage 2 Determine Communication Objectives:
professionals must decide what response is

Once the target user has been defined, the library
eness, knowledge, liking, preference,

sought. They need to know the level of user's awar
conviction, and so on. The user may be unaware of the availability and how to access the

sources and services in the library. Ideally, they should get attention, hold interest., and obtafn
action. In addition, library professionals have to figure out the product and service that will

produce the desired responses.

Stage 3 Message Design ing:
a message that is consistent with its

Each communication strategy should have
sage that need to be considered are:

communication objectives. The essentials of the mes

s Content of the message: It should be clear what message to communicate, for

example, the Library is going to organise a book fair;
«  Structure of the message: How to express the message, for example, want to learn

how to browse the web for free?;

s Format of the Message: How to represent the message in symbols for example,
whether to include pictures, more complete text details, embedding the message in
catalogues, posters, or presentations);

s Source of the message source: Who should communicate the message, or act as the
spokesperson, either in person or by signature; the options are another user,
significant public figures, or the service agent, for example, would you like to try our

new Web service?.
Stage 4 Selecting of Communication Channel:

There are two types of communication channels: (a) personal communication channels, and
(b) non-personal communication channels. In personal communication channels, two or more
people communicate directly with each other. They might communicate face to face, over the

145|Page

© Department of l')istance & Continuing Education, Campus of Open Learning
School of Open Learning, University of Delhi '



MLISc

t:;:ﬁﬁ:lnse;;hzzgl; ::Zt mail, or even thrgugh the internet “chat”. "Nc?n-personal' message

carry messages without personal contact. They include major media
(Ilev&"spapers, magazines, direct mail, radio, television, billboards, signs, posters, online
services, websites), atmosphere (designed environments that create the client’s leanings
toward buying a product), and events are staged occurrences that communicate messages to
prominent users (Rowley,1998,p.3384). Libraries can design media prints, such as booklets,
leaflets, notices and posters. They can propose 4 nice and comfortable atmosphere t0 satisfy
their users. Some special events like user orientation, short-term courses, books exhibition,
discussions on specific topics, and so on programs should be organised regularly to make

their users aware of the library.

Stage 5 Establish a promotional budget
The available budget has a noteworthy effect on the range of communication activities that

can be pursued. For many libraries marketing budgets are extremely limited, but commercial
organizations in the information marketplace have marketing budgets that are consistent with
ith which they need to establish and maintain

(if not sufficient for) the market segments W
communications. Managers must be aware of the costs of communication activities, even
when they do not generate 2 separate invoice, and should continually monitor the value and

impact associated with marketing communications activities.

Stage 6 Decide on promotional mix
lly include a selection of strategies from more than one of

marketing; sales promotion; public relations and publicity;
dered in establishing an

The promotional mix will norma

the following: advertising; direct
personal selling; and sponsorship. The factors that should be consi

appropriate promotional mix include:

o The available budget

e The marketing message

o The complexity of the product or service

o Market size and location

o Distribution of the product

o The stage in the product lifecycle

¢ Competition
So, libraries will use 2 combination of
be used to support another promotional activity or event.

these strategies, indeed, one promotional strategy may
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17 SUMMARY

leranes' a-re‘: PCi!\g forced to promote and market their sources and services and to explore
the possnpllltles of cost recovery and profit potential for their survival. Libraries need to
develop inspiring ways of communication and a feedback mechanism to improve service.
Even though the concept of marketing of information as a marketing item particularly in
India. is a difficult task, libraries must consider what, how and where funds can be generated
this way. It must be carefully considered which services can have only a minimum price,
which one covers a reasonable share of the cost, and which generates revenues. The impact of
the information technology and the adoption of the marketing approach will help improve
services for users and enhance the reputation of the library and information services and

professionals.

1.8 GLOSSARY i

SIS

Advertising: Advertising is a marketing communication that employs an openly

sponsored non-personal message to promote or sell a product service or

idea.
Approach: To begin to deal with a problem, 2 si
Channels: To make something move along a particular path or route.
Communication: The act of sharing or exchanging information, ideas oOf feelings.
sell things

tuation and so on.

Market: A place where people go t0 buy and

1.9 SELF-ASSESSMENT QUESTIONS

1. What is Pricing? How libraries can generate income?

2 Define Key Approaches of Pricing in the LIS field.

3. What do you understand by Distribution Channels in Libraries. Elaborate with

suitable examples.

4. How do you define Communication Strategies? How it can be applicable in LIS Field?
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UNIT-III: PROMOTION OF LIS PRODUCTS AND SERVICES
LESSON 9

LIS PRODUCTS AND SERVICES AS A MARKETABLE

COMMODITY
Dr. Neetika Sharma
Librarian
Swami Shraddhanand College
University of Delhi
Sharon_niti@yahoo.com
library@ss.du.ac.in

STRUCTURE |

1.1 Learning Objectives
1.2 Introduction
1.3 LIS Products and Services: A Marketable Commodity
1.3.1 LIS Products and Services
132 How is Marketable Commodity?
1.3.3  Who to Serve: Users or Customers?
1.4 Concept of Marketing in the LIS Field
1.41  What is Marketing?
1.42  Information Marketing and LIS Field
1.5 Promotion of Library Sources and Services: Need of the Hour

1.5.1  How Academic Organisations like NISCAIR (now NIScPR) Promote their
Sources and Services

1.6 Summary

1.7 Glossary

1.8 Answers to In-Text Questions
1.9  Self-Assessment Questions
1.10 References

1.11 Suggested Readings

123 |Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi

X&/)\



MLIS¢

1.1 LEARNING OUTCOMES I
The concept of promotion is widel S

o y acceptable and applicable in the LIS field. This concept
has a different meaning in diffe

. rent environments even in library and information science. In
recent t‘nne library and information centres are facing unprecedented changes and challenges
and trying to create new forms and platforms of information. In this technological era, there
has been a lot of pressure to mobilize sources and services to become self-reliant. The present
lesson will indicate how the library and information products and services are marketable

commodities in the present environment. After reading this lesson, you will be able to
understand:

* the meaning of the promotion of LIS products and services;

* how LIS professionals mobilize resources;

* how are promotional activities applicable to LIS;

* how to focus on users' issues and resolve them via the promotion of LIS products
and services.

1.2 INTRODUCTION

Now the day's library users are transforming into customers with rising expectations, diverse
needs, wants and choices. Now the real challenge for library and information professionals is
not only to manage the collection, staff and technology but to turn these resources into
services. The notion of services has also changed from basic to value-added, from staff
assisted to self-service, from-in house to out-reach, from free to priced, from reactive to
proactive, and from mass-customization to individualized service. They, as the information
service providers are under pressure due to various reasons such as they have to mobilise
resources, compete with the Internet and Internet support services and meet the rising user’s
expectations, improvise their professional image and so on. Therefore, libraries and
information centres need to evaluate their activities concerning the external environment, get
in touch with the users’ needs and integrate them into the day-to-day working of the library as
well as offer / adapt services as per users’ needs to integrate the concept of marketing in
libraries. "The first requirement for effective and successful implementation of the promotion
of library and information sources and services is that the librarian should have a clear
appreciation for what marketing is all about and how it can enhance the value of library and
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information services People usually relate marketing to an increase in sales, profit, market
share, etc”(Carpenter, | 000 p 258)

As you know that libraries and information services are non-profit services, therefore, "there
1S a general perception that libraties do not need marketing. But the fact is that marketing is
all around us and 1t 1s essential for all kinds of organisations and individuals. Professionals
hke lawyers, accountants and doctors also need to use marketing skills to create and manage
the demand for their services"(Dongardive,2013,p 238). Therefore, the libraries and
information service providers should make efforts to

* inform users about their role as an information service provider,

¢ attract users, understand users and their needs,

* motivate users to use the resources and services in different formats; and

 educate users with the help of the latest tools and techniques in managing information
i libraries and information centres.

If a librarian is performing all the above-stated functions, one can say without any doubt that
s’he is thoroughly involved in the marketing of information services.

1.3 LIS PRODUCTS AND SERVICES: A MARKETABLE
COMMODITY

These days World Wide Web (WWW) is the biggest challenge for all library professionals.
Libraries are facing competition not only from other information service providers but also
from Google. Users get information which they required get with a simple click on the
mouse. So, library professionals need to make daily decisions on the form and formats for
acquiring and archiving information. Library professionals are struggling with the increasing
expectations of the users. They are implementing promotional techniques to be more efficient
managers and effective information service providers.

Library sources and services are valuable in themselves but are underestimated because of
their lack of visibility among users. "LIS products and services are marketable commodities
these days because only promotion can help in improving the image of libraries and
information centres. For a long time, LIS professionals had engaged primarily with suppliers
and thus lost interest in working for the users/customers. But it must be kept in mind that only
satisfied users come back and there are greater chances that dissatisfied users will find some
other suppliers of information to meet their information needs"(Arumuru,2015).
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1.3.1 LIS Products and Services

The products are a cluster of both documentary and non-documentary sources of information
traditionally the service such as information service resources sharing service, current
awareness service, learners' advisor service, circulation services, and online catalogue
services. The LIS products are issued and distributed by Libraries, Information Centres,
Information Analysis Centres, Referral Centres, Documentation Centres or similar
organisations, as promotional materials for their user groups. These products are newsletters,
house journals, reports, magazines, bulletins, prospectus, manuals and so on. These sources
and services are demanded by users like other commodities. The demand for products and
services is affected by factors like preferences, price, income, expectations, population,
seasons, technology, and the price of other goods. The information sources and services are
demanded only when there is a value or utility to the user (Coote,1994).

Some important LIS products are as under:

1) Books (Print and Electronic)

2) Journals (Print and Electronic)

3) Directories (Print and Electronic)
4) Dictionaries (Print and Electronic)
5) Encyclopedia (Print and Electronic)
6) Yearbooks (Print and Electronic)
7) Newspapers (Print and Clectronic)
8) Magazines (Print and Electronic)
9) Monographs (Print and Electronic)
10) Reports (Print and Electronic)

I 1) Manuals (Print and Electronic)

12) Online Database

13) Offline Database

ACTIVITY

Visit University/College library of your area and list the sources and services
provided by them.
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1.3.2 How is Marketable Commodity?

Commodity means a product or material that can be bought and sold. Library functions as a
knowledge organisation, for example, purchasing/acquiring knowledge resources after theses
are suitably identified and located, organised and disseminated, analysed, interpreted and
granted the outcomes to its users in the way they like other than exhibiting the units of the
knowledge/resource as they may need, demand and require. The tusk of "Putting knowledge

to work" deals with the task of marketing/promoting a service.

In the LIS field, the role of marketing manager/information provider can be linked with the
job of library professionals like buying vs acquisition of library documents, selling vs
dissemination or circulation of products and services, marketing vs promotion, transporting
vs access to knowledge resources, storing Vs preservation and conservation of documents,

market information function vs. statistics and reports and so on.

Table 1.1; Marketing Functions of the Library (source: Halder & Saha, 2017)

Marketing Functions Library Functions

Buying T [ Acquisition

Selling : Circulation/Dissemination

Transporting Access to knowledge resources

Storing Preservation and Conservation of information
sources

Standardisation and grading Organising

Financing Financing

Risk-taking To meet the future demands of the users

Market information function Statistics

1.3.3 Who to serve: Users or Customers?

To meet users' needs satisfactorily, the first thing the LIS professionals need to understand
that, Whom are they trying to serve? What are the user’s interests? What can the librarians
provide to serve these interests? Under what conditions can the librarians offer services and
products? How do the librarians communicate with the users? How do users communicate
their needs to the LIS professionals? Librarian knows well about the library in terms of its
resources, facilities, services, products, and so on.
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In the marketing concept, the libraries and librarians want the user to come again and' fully
utilize their resources and services. But here marketing attitude plays @ vital role as library
professionals, we need to understand that the users will come again only if their present needs

or requirements are well met.

Every day the information world is changing dramatically and moves faster, 'reli.es on
technology and competes more intensely. In this connection, there is no harm if llbll'ary
professionals ask every user of the library how may [ help you in achieving your desired
information. However, librarians must capitalise on their expertise in meeting users' needs
through the available resources. It is to remember that no library “owns” its users to the

extent that it determines their likes and dislikes.

IN-TEXT QUESTIONS
1. What do you understand by the term "Promotion'?

2. What do you understand by the term 'Cornmodity'?

1.4 CONCEPT OF MARKETING IN LIS FIELD J

1.4.1 What is Marketing?

Library professionals are using different techniques and strategies of marketing for the
promotion of LIS products and services over the globe.

Philip Kotler opines that "marketing is an act of planning, analysis, implementation and
control of carefully formulated programmes designed to bring about voluntary exchanges of
values with target markets to achieve organizational objectives" (Kotler & Armstrong,1996).

14.2 Information Marketing and LIS Field

Traditionally libraries and information centres disseminate a variety of services, for example,
information service, resource sharing service, current awareness service, circulation service,
online catalogue service, CD-ROM database service, reprographic service and many more.
Now with changing world the expectations of the users are diverse they expect a wide range
of choices, easy access, and speedy delivery of information in the desired format. They want
to access ample services, such as Online Public Access Catalogue (OPAC), Web OPAC,

128 |Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



M-106 - Marketing of Library and Information Products and Services

as full-text online databases, current

electronic information systems like bibliographic as well
ducation programs, and information

awareness in dept enquiry and research services, user €
skill enhancement programs.

Marc Porat defines that "Information is a collection of many heterogeneous goods and

services that together comprise an activity in the economy". Information as a commodity is
thus, represented by the products, services, and channels that carry information. Like other
goods in the market, LIS products and services are also based on demand and supply rules.

ds which can also apply to the LIS field :

1) Functional requirement: Basically, this type of need is generated by task-related
' activities like a researcher needs information for research activities.
2) Emotional requirement: Emotional requirements may arise when a person has
strong attachments to a particular discipline, author or publisher.
3) Problematic need: Problematic need is not absolute but conditional upon a sét of
situational contingencies or antecedents, for example, textbooks are relevant primarily

for a particular text or subject.

4) Social requirement: Social requirement is creat
but because of its association with certain social roles and stereotypes.

5) Epistemic requirement: This type of requirement arises when a user requires

information to further his knowledge base.

Philip Kotler presented the five types of deman

ed not because of its intrinsic value,

IN-TEXT QUESTIONS

3. Write down the names of prominent sources and services of an academic library.

4 What is marketing? Elaborate with some examples.

1.5 PROMOTION OF LIBRARY SOURCES AND SERVICES : ‘
NEED OF THE HOUR J

As we all know that there have been many developments at the national and international
levels, which have directly or indirectly added marketing to the LIS field. It is not a new
concept it is as old as modern librarianship. Even Ranganathan's Five Laws of Library and
Information Science have been seen in the light of today's marketing concept. Some
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important reasons for promoting/marketing library sources and services identified are as
under:

1) founding missions are increasingly ill-suited for the demands of the marketplace,

2) budgets are becoming tight;

3) the recruiting and fund-raising arenas having become extremely competitive;

tion among similar information service providers;

4) the rising competi
bility of freely and openly sources and services.

for library professionals t0 develop a more
it helps in managing libraries in a better way,
e the utilities of library sources and
better that they use the library on

f the library because it ensures credibility and 2

s well as opportunities.
ScPR) promote their Sources

5) an introduction and availa

So, we can say that there is always a need
responsible attitude towards their users because
also brings a commitment to the users, and publiciz
services." It brings the users close to the library and feels
regular mode, at last, it improves the image 0
positive attitude to face increasing challenges a

1.5.1 How academic organisations like NISCAIR (now NI

and Services
d information centres are realising the need

products and services. They are paying more attention to the
he promotion of information products and services.
ken significant steps in this direction.

Not only in India but over the globe, libraries an

for marketing their information
identification of user needs and t
NISCAIR (now NIScPR) for example, has ta

Some important products in form of their publications are as follows:

1) Annals of Library Science and Documentation (ALSD)
2) Directory of Scientific Periodicals

3) Directory of Science and Technology Awards in India
4) Directory of Scientific Research in India

5) Indian Science Abstracts (ISA)

6) National Union Catalogue of Scientific Serials in India
available with latest data)

7) Union Catalogue of Scientific and Technical Conference Proceedings: Banglore

1977-90)

(1998) (CD-ROM version

Some important services are as follows:
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1) Chemical Abstract keyword Index service ( CAKIS)
2) Competitor Watch Service (CWS)

3) Global Tender Watch service (GLOBTEND)

4) Literature Search

5) Translation Services

6) Reprographic Services

7) Full-Text Journal Service (FTJ S)

8) Standing Order Abstract Services (SOAS)
r example, training and

ctivities, fo
d participation in exhibitions/book

d services".

different promotional a
| sales, advertising an
rding their products an

Organisations like NIScPAR use
education, direct marketing, persona
fairs for creating awareness among users rega

1.6 SUMMARY 7

SR e

In the present lesson, We have seen that:

o the meaning of promotion/marketing;

e how LIS products and services are a marketable commodity;

e how LIS professionals mobilize sources and services;

e how are promotional activities applicable to LIS;

e how to focus on users' issues and resolve them via the promotion of LIS products

and services;

e how academic organizations promote their sources and services.

1.7 GLOSSARY &
Commodity : A product or material that can be bought and sold
Consumer " & A person who buys things or uses services
Marketable : A thing that can be sold easily because people want it
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Marketin : :
g : Marketing refers to all activities a company does to promote and sell
products or services to consumers
Produc : i i '
t : Something that is made in a factory or that is formed naturally

P i . Th

romotion : Things that you do to advertise a product and increase its sales

1.8 SELF-ASSESSMENT QUESTIONS

1. How promotion is helpful in LIS Field?

2. How do academic organisations promote their sources and services?
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UNIT-1I: DEWEY DECIMAL CLASSIFICATION (LATEST EDITION)

LESSON 4
INTRODUCTION, STRUCTURE AND
ORGANISATION
_Dr. Neetika Sharma_,
Librarian

Swami Shraddhanand College,
' University of Delhi
sharon_niti@yahoo.com

1.1 Learning Outcomes
1.2 Introduction to the DDC
1.2.1 Text of Three Volumes: DDC
122 Instructions common fora series of numbers
1.3 Structure and Organisation,of DDC
1.3.1 Notation and Division of Main Classes
1.3.2  Chain Structure
133 Array Structure
134 Patternsin the DDC
135 Hospifality
1.4 19" (1979) to the 23" Editions of DDC: A Journey
1.4.1 Salient Features of DDC-19 ( 1979)
142 The DDC-20™ Edition (1989)
1.43 The DDC-21* Edition (1996)
144  The DDC-22" Edition (2003)
1.45 The DDC-23" Edition (2011)
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1.5 Summary

1.6 Self-Assessment Questions
1.7 Glossary

1.8  References

1.9 Suggested Readings

1.1 LEARNING OUTCOMES i, e
L laliv - A AT W

The introductory part of this unit explains the basic structure, organization, and notational
features of the major three volumes of the Dewey Decimal Classiﬁcatégn (DDC) system. This
unit further describes the important features of the scheme and<properties of the decimal

fraction notational system.

1.2 INTRODUCTION
Broadly we can say that classification provides a-system for organizing knowledge and
modem library classification systems only begin.with the Dewey Decimal Classification
(DDC) which was developed by Melvil Dewe‘yf'iﬁ" 1873. Soon after its publication in 1876, its
popularity was admired across the globe and is still the most popular one. "At present, it is in
its 23™ edition (2011) and constantly keeps itself abreast of the ever-advanced frontiers of
knowledge to cater to the increasing,demands of its varied users. In every revision, it has
been expanded, modified, rectj"ﬁ:ed’and made more modemn in methods by applying the

results of the latest researchiin library classification".

1.2.1 Text of Threg}{é]';iiﬁes

The very first edj_ﬁ'bﬁ“()1876) of the DDC was a thin pamphlet of 44 pages, and the second
edition (1885) was seven times as large as that. The bulky size of the 14" edition (1942)
became a cause of concern for all concerned. "The 15" edition (1951) was an exercise to trim
the system to a standard edition. To deal with the disturbingly increasing size, the sixteenth
edition (1958) was issued in two volumes. The second volume contained the form divisions,
areas table and the index. First time only the eighteenth edition (1971) was issued, for the
first time, in three volumes" (Comaromi and Satija, pp.17-18).

The nineteenth (1979) edition contains three volumes, volume 1 contains the introduction and
related aspects and the various auxiliary tables. "The second volume contains the schedules
and the entire third is dedicated to the relative index. A companion volume to DDC-19 is the
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Manual on the Use of Dewey Decimal Classification Edition 19 (Forest Press, 1982, 551p.
ISBN: 0-910608-32-6. The purpose is to provide a tool for uniformity in interpretation based
on the Library of Congress practice. For a skilful operation and efficient use of the DDC, it is
a measure to '\mdersmnd the physical structure of the text of three volumes as it stands in the
1o edition"(Comaromi & Satija 1998, pp.19-20).

e Volume 1: The first comparatively thinner volume of 482 pages contai?s the
prefatory material by the Publisher (pp. xi-xiii), the Chairman DCEPC (xv-?<v1|) and
"the most important of all "Editor's Introduction” (pp. xxi-xxv). It also contains a (pp.
XXVii-xxxii), a valuable feature of the DDC introduced in the eighteenth edition. "The
Glossary sufficiently explains all the technical terms used in the Editor's Introduction,
as well as implicit in the making and understanding of the systemi. The second part of
this volume contains the seven auxiliary tables. End matérial contains a list of
relocations and reused numbers are given in a classified sequence” (Chan Lois &
Mitchell 1997, pp.8-10).

¢ Volume 2: The second volume of 1574 pages contains the Schedules of class
numbers given in numerical order from 001 to.999.

"There are a variety of notes of "explanations and instructions" under each class to locate and
build a new class number". Some of them are. as under:

e Definition Notes

This type of note defines the sc._opé.. and jurisdiction of the class number.

For example,

379.11 Financial administration in public education
This class number contains a note: "Costs, expenditure, allocation and management of funds,
budgets, budgeting, financial reports". This scope note connotes the areas which may not be
too obvious from the heading given against the class number. Some definition notes are

explained through examples under 343.0742 specific kinds of (economic) assistance, one
reads the note: "Example: loans, price supports, subsidies, mortgage insurance".

¢ Inclusion Notes

Sometimes some subtopics are not necessarily part of a given number but are given a
standing room, maybe temporarily, with the broader number.
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530.41 Solid-state physics contains the note: "Including thin films, electron theory of
metals”. It means that the topics such as thin films are not essentially a part of solid state
physics and yet these do not have a separate number of their own. "No standard subdivisions
are to be added to such class numbers. However, such notes do not apply to the subdivisions
of the topic ( Mortimer, 1998, p.88).

e "Class Here" Notes

The “Class here..." notes are placed for some convenience and usually violate the canon of
helpful sequence. '

A’
For example, \)
343.08 Regulation of trade (Law), one reads the instruction: "class here commodity
exchanges and exchange transactions".

e "Class Elsewhere" Notes

Thesc "Class Elsewhere" notes arc in dircct contrast to "class here" notes. This is in direct
contrast to class here notes. "When a topic seemingly forming a part of a broader class is

granted an independent class number, the broader class number affixes a note in the form:
"Class ...in ...". \

For example,

181.12 Philosophydfjapah contains a note "Class into philosophy in 181.095 61".

Similarly, SN
379.11 Fiﬁi@éﬁl administration in public education contains a second note: "Class
sources of funds in 379.13. Such a note may also be given for related topics having

independent class numbers.

For example,

181.4 India (philosophy of), one reads a note "Class Philosophy of Pakistan and
Bangladesh in 181.95". Such a note corresponds to the "See also" cross reference in an
alphabetical index".
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* "Formerly" Notes

As we know the library is a growing organism and when a new edition came into existence
this note marks the changes because the main purpose of this note " Formerly" is to mark the
changes between two successive editions. The former class number is enclosed within square
brackets with the prefix "Formerly".

For example,

287.5 Methodist Churches in the British Isles, also contain a note within square
brackets [Formerly 287.97).

This note has a dual purpose first it explains the changes between the previous edition and the
new edition and second, it provides clarity of information 'that _thérg»hés been no mistake or
omission in printing but the number has been surely reallocated”. """ The vacant sections have
also been enclosed in square brackets, indicating the previous edition when the number was
filled with some subject meaning in the schedules" (Satija; 2007, p.206)

¢ The Centered Headings

Sometimes a subject instead of being assigned: a single class number is spread throughout
numbers, the two terminal numbers are cgntiected by a hyphen. These are always given in the
centre of the page and on the left margin,-4-pointing triangle indicates a centered heading.

For example,
> 383-384 g Specific kinds of communications.
>384.1-384.7 Telecommunication

Under> 384.173'84.7, one reads the instruction "Class comprehensive works in 384" Hence
the single class number for telecommunication is 384. The device of centered headings is
very useful for the hospitality and brevity of notation.

¢ Dot and Spaces
"This dot is only a pause and must not be misunderstood as the decimal point. It has no
purpose except to psychologically break the monotony of numerals. These spaces and
dots give relief to the eyes and facilitate short while retention of the class number in the
memory during the passage from the catalogue to the stacks" (Mortimer, 1998, p.88).
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For example,

Mein Statistics" is rendered as 530.133 2 and not as 530.1332.

* Number Building Notes or Instructions

Almost every class number in the DDC can be further extended whether there are instructions
or not. For example, Table 1, of Standard Subdivisions may be added to any class number. In
addition to such intrinsic provisions many class numbers are provided "Add..." notes which
may further be subdivided into two kinds:

¢ Individual Instructions

Under many, a class number is provided instructions for extending‘a giVén number with some
other full number or part thereof a class number existing elsewhere in the schedules.

For example,

547.35 "Quantitative Chemistry" is given the insnpcfions "Add to base number 547.34 the
number following 544 in 544.01-544.98".

1.2.2 Instructions common for a series of numbers

Sometimes a series of cognate class numbers is further extendable by another number.
"Instead of providing individual instrictions, "for convenience and simplicity, as well as for
briefness of the schedules, instructions are provided in one place, while the headings of the
class numbers to which such instructions apply are marked with an asterisk". Then at the foot
of that page, a footnote is given reminding the meaning of the asterisk.

For example,

5474 *Aliphatic compounds
547 41 * Hydrocarbons
547411 *Paraffins (Alkanes)
547412 *Olefins (Alkenes)
547413 *Acetylenics (Alkynes)
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In th
e footnote on the same page is given the instruction: "Add as instructed under 547". On

going to class 547 one reads the detailed instructions: "Add to notation for each term
identified by as follows" *

04 Special topics of general applicability

044 Theoretical Chemistry

045 Physical chemistry

046 Analytical Chemistry

0464 Qualitative

0465 Quantitative \ '
Synthesis

LR
.‘P

Theoretical Chemistry of Hydrocarbggs.:'»f’
547414044 54741044
Analytical Chemistry of Hydfbcﬁrbons
547.41+046 547.410 46

e Volume 3 Comprising 1217 pages contains exclﬁsively the Relative Index. Brief
instructions (p. x) and a key to the abbreviations used in the Index (pp. xi-xiii)
precede the columns of the index.

ACTIVITIES

I.  Visit University/College library of your area and list the sources and

services provided by them.
II. Visit a few college and university libraries on your campus and find out

which classification scheme is used by them
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1.3 STRUCTURE AND ORGANISATION OF DDC

We can classify any format of documents (area of knowledge) with the help of DDC. As we

all know that the Universe of Knowledge is divided into three subjects mainly a) Sciences, b)
Social Sciences and ¢) Arts/Humanities. These three great divisions of subjects are divided
into nine main areas of knowledge that are themselves divided into disciplines or sub-
disciplines, for example, notations 0 to 9, from 0000001 to 9999999.
The ten main classes of DDC are as follows:

0.0 Generalia

0.1 Philosophy and related disciplines A~

0.2 Religion

0.3 Social sciences

0.4 Language

0.5 Pure sciences

0.6 Technology (Applied sciences)

0.7 The arts

0.8 Literature (Belles-lettres) &

0.9 General geography, histgr})\‘;ii{a their auxiliaries.
1.3.1 Notation and Division o(Mam Classes
The division of main classe;g;‘sfé‘}a»s«ﬁnder:

000 Generalia M

100 Philosoghif:a.éd related disciplines

200 Religi\(}j_g Y

300 Social sciences

400 Language

500 Pure sciences

600 Technology (Applied sciences)

700 The arts

800 Literature (Belles-lettres)

900 General geography and history and their auxiliaries.
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So, we have 10 main classes and 90 divisions.

For example,

600 Technology (Applied sciences)

610 Medical sciences

620 Engineering and allied operations

630 Agriculture and related technologies

640 Home economics and family living

650 Management and auxiliary services

660 Chemical and related technologies <
670 Manufactures Ry ‘
680 Manufacture for specific uses ..,
690 Buildings N

Each of the 90 divisions has been further dividedﬁjnto nine Sections. For example, in 610
Medical sciences, Medicine has been divided as:

610 Medical Sciences, Medicine
611 Humarkanatomy cytology, tissues
612 Hmﬁé&ﬁlysiology
613 . Geﬁeral and personal hygiene
614 & f’ublic health and related topics
615 , \‘ ' Pharmacology and therapeutics
616 Diseases
617 Surgery and related topics
618 Other branches of medicine
619 Experimental medicine

Continuing the decimal pattern, each section can be divided Into what we may call
Subsections, all being four-digit numbers.
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614.1  Forensic medicine (M&lrical juriisrprrudrencrt;)

4 Incidence, distribution, control of disease

S Incidence, distribution, and control of specific diseases
6 Disposal of dead

The subsections may be divided into Sub-subsections:

614 .51 Salmonella, bacillary, enteric, influenza) diseases

52 Eruptive discases (Exanthemas) and rickets) diseases
53 Protozoan diseases A :

54 Miscellaneous diseases P

55 Parasitic diseases )

56 Zoonoses )

57 Bacterial and viral diseases

.59 Other diseases il

1.3.2 Chain Structure

As noted above, the scheme is hierarchical. bnot only collocates the related material but also

depicts through its notation the whole-}’gartf?élations of subjects.

)
— .
Y

For example, Q)

300 Social Sciences

330 ' Economics

332 \ Financial economics

332.1 Central banks

332.11 Banks and banking

332.110952 Central Bank of Japan
So, the subjects denoted from 300 to 332.110952 build a chain of concepts, as they are
in progressive subordination and specificity. In the schedules, the chain of decimal
digits is not depicted typographically, as it is otherwise quite visible through the
increasing length of the class number at each step.
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1.3.3 Array Structure

An array is a sequence of mutually exclusive cognate entities of equal rank arranged in some
chosen order”. The Main classes. Divisions and Sections of the DDC are three different
arrays of classes. Array formations can be carried forward to any depth.

For example:

The class numbers 531.1 to 531.9 form the array of 531 Mechanics.

1.3.4 Pattern in the DDC Structure

The first subdivision of an array is generally given over to generalial FOpics, and the last
division usually either expounds on the historical and geographical treatment of the subject or
is reserved for the rest of the un-accommodated topics, which are dumped together as

"others". Thus the 9 "others" is a great hospitality device with the scheme.
For example, k
320, we see that the 320.0 array represents the-generalia topics of political science,
and the 320.9 represents the historical and geographical treatment of the subject.
1.3.5 Hospitality |

"The hospitality of classification is defined as its ability to accommodate the emerging topics
in their proper places without dislocating the already existing ones" (Shokeen & Kaushik,

2003, p. 72).
For example,
510 Mathematics and»»SQOT‘Aétronomy

Here the problem'is'to allot a proper place for a new discipline. To handle such types of
problems and to avoid a situation, one way is to leave some gaps in the notation that
describes an array.

For example,

511-519 of Mathematics, 517 and 518 have been left unassigned. "In the Third Summary (the
third level of subdivision in the DDC) there remain 86 unused classes; these are shown in the
schedules by having their three-digit figures enclosed in square brackets" (Satija, 2013, p.19).
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OF DDC: A JOURNEY

B e

s for classification. It is not only used in
ross the globe. Moreover, it
licy, sound revision machinery
een revised. The

14 19™ (1979) TO THE 23*° EDITIONS

The DDC is one of the most popular system
academic libraries but also public and special libraries ac
strongly holds this position because of its defined revision po
and proactive marketing network. Since 1885 it is constantly and regularly b
latest edition always incorporates new topics at appropriate places that have emerged since

the previous edition and also deletes some of the obsolete subjects.
1.4.1 Salient Features of DDC-19 (1979)

¢ The Phoenix Schedule

. The 19® edition (1979) of the DDC was the las
(1912-1997), who first edited DDC-16 (1958).
trends of the last three decades, though it did not bring up.as many ch
the DDC-18 (1971). The major revision (Phoenix Schedule) was a new

"Sociology" ( Mitchell, 2003,p.17).

¢ edition edited: by’ Mr Benjamin A Custer
"The DDC-19.(1979) carried forward the
anges as were seen in
Schedule of 301-307

¢ Changes in Tables N
ere some changes in the Standard Subdivisions, especially in the discontinuation of
"Table-of Precedence provides standard guidance in case
There was a 17-18% increase in the Area

fthe UK as a whole was shifted to 41

There w
the s5-08; and an extremely useful
of choice between two, standard sqbdiVisions
Tables (Table 2). As a major changfé; the area number 0

from 42" (Satija, 2013, p.26). -
« The DDC Manual '

A landmark for the pDC'practice
Forest Press of thg‘Manual on th

standardization came in 1982 with the publication by the

e Use of Dewey Decimal Classification, Edition 19. "It

0 guides classifying in difficult areas and distinguishes one number from other related numbers.
The Manual is a blue colour book on the DDC numbers interpretation and application
policies. With maps, flow charts and elaborations in detailed form point by point. It has been
incorporated into the system since the DDC-20 (1989) (Mitchell, 2003, p.18).

o Computerisation of the DDC

The DDC-19 was published for the first time through computerized photocomposition. Later
from the electronic tapes and then in 1984 from these tapes a computerized Editorial Support

System (ESS) was developed by Inforonics, Inc for the Forest Press.
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¢ The Relative Index

The r.el.ative index continued only exception was that the bold typeface for entries that were
subdivided in schedules was eliminated.

142 The DDC-20" Edition (1989)

The DDC -20 came into existence in 1989 with several changes which proved to be a
trendsetter. Since July 1988 ownership of the Forest Press has been transferred to the OCLC,
Dublin, Ohio. "For the first time, DDC was published in 4 Volumes running to 3383 pages
compared to 3361 pages in DDC-19. Also splitting the schedules into two volumes.

¢ New Changes

The DDC-20 contained more changes as ¢
are as under:

% A new schedule for 780 Music was incorporated.

<% Incorporated 004 -006 Data processing and comp

issued as a "separate” between DDC-19 and DD,,C-AZO. .
& Minor changes took place in subjects lik_\e\’.ChIistian religion, Television, Adult

education, Electronics, Civil rights, Civi‘,!“:h‘istory and Gymnastics” (Singh & Rai,
2019). -

ompared to the previous two editions. The changes

uter science, which was earlier

o Major changes in the Tables ol

The new Area table reflected changes in the administrative and political setup of
different countries and their units. "Table 3 was further refined, modified, and spilt
into three subtables: T3A, T3B, and T3C. Table 3C is used on instructions from Table

3B or in 808-809.in the Schedules" (Satija, 2013.p.23)

o The Dewey in Electronic Format
The DDC-20 came into existence as Electronic Dewey on CD-ROM in 1993. It was
the first CD-ROM version available commercially. It contained the Schedules, Tables,
Index and Manual as well. It could be searched by words or phrases, numbers, index

terms and Boolean operations.

Format and Presentation of DDC 20" Edition
The format and presentation of the DDC-20 text were improved. Some changes are as
follows:
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% Thr : .
ree main summaries were relocated to the second volume.

" . . . X
% Many more multilevel summaries were introduced, for example, schedules

such as 370 Education, 620 Engineering and 630 Agriculturica.

% Area tables of Europe and North America were also changed.

% Centred headings were indicated typographically by the symbol "" in the
number column.
< Optional numbers were given in parenthesis, for example, (828.9935).
& The "Editor's introduction” was simplified and brief.
¢ The Index
All the

The DDC-20 introduced a simplified and trimmed index with 730 pages.

" See" references had been replaced by direct entries.

1.43 The DDC-21* Edition (1996) .
edition (21%) of DDC was released: Soon a
n the inteni’et http://www.0C
ditor Ms Joan S Mitchell.

In July 1996 the new fter is known as Dewey for
Windows (Dfw). Presently it is available o Ic.org/fp. The text in

four (4 volumes) has been edited by anew €
o Structure of DDC-21: \
Prefatory - Iﬁéf‘er‘iél,
and infqyn‘atio‘n on the
Schidiulés 000-599
p ;S"c'he"dules 600-999

Relative Index, Manual
umes contained 4126 pages into nine sections marked A/L

Editor's introduction Glossary, Table 1-7

% Volume 1:
changes in the new edition.

4

Volume 2:

R
%

.

% Volume 3:

R

.
X4

Volume 4:

The above—gi\(’eﬁ" four vol

-,

e The Schedule
The major new schedules are as under :

004-006 Data processing

296 Judaism and 297 Islam
342-349 Branches of Law
350-354 Public administration
368 Insurance

370 Education
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B

376 Education of Women
n Schools of religions
420-490 Specific languages
560-570 Life sciences

790 Theatre

810-890 Literature of specific languages

940-990 General history of the modern world

144 The DDC 22" Edition (2003) ,
s introduced in 2003. It is the first edidon"in the web environment.
Web Dewey (2003) and Abrid
ly for ljicensed users.
x the standard subdivisions

The 22" Edition wa
ged Web Dewey (2004)

& Its electronic versions
able on the internet on
e 7 persons ha,__s_beve‘n shifted to
dd/from 01 1-999".

are now avail

& The content of Tabl
T111-08 and for the rest use of a

Some Examples,

Artwork by scientists_f-cﬁgmged as 704.08 704.08 + 8 (from 088 TI)+5
r it was 704+5 (T7)= 704.5.

(001.999) = 704.0885 earlie

Ethics of historians 174.9 +9 +90720 (from 907.20) + 2(T2) = 174.9907202
9 +97(T7) = 174997

earlier it W@s 174.

about lawyers 821 1008035208834 earlier was

Collection of English poetry

821.0080352344
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1.4.5 TheD d . 7 L
DC 23" Edition (2011)

The entire
galnut Of Cha :
i\l d .
| Some Major chy 8¢S n the 23" edition of DDC is as listed
N8Es are as under- isted on pages xxv-xiii, volume

004-006 Con‘lputer science and parallel provisioﬁs irn 621 39 C?c;rl;ter
engineering, and 025.04 Information storage and retrieval;

155 Differential and development psychology;

160and 513 Logic and Symbolic logic

200 Religion updated for 281.9 Orthodox church and 297 Islam.

390

Social sciences and a few languages have been updated in Table 6
400 and 800 have been incorporated as

491 489 Divehi (Maldivian languages)

49142 Eastern Hindi languages

491.496 Pahari languages

The headings for the three main summaries have been edited, for example, 500
Natural Sciences and mathema:tics‘ appear simply as Science;

600 Technology (Applied:Séien"ce) appear as Technology in the first summary; .
320 political science (pol'iﬁcé and government) appear only as 320 political science 1n
the second summary".(Singh & Rai, 2019).

o The uneven span:f of ‘numbers has been balanced such as 420.1 -428 has been
changed to 420:1-420.9. Similarly, 305.805-.89 is now rendered as 305.805-809 and
305.81-.89.

Elimination of dual headings, for example:

532 Fluid Mechanics Liquid Mechanics
570 Life Sciences Biology
954 South Asia India

46|Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



. 8-103 = Librqy

Y Classifico
" ASstfication (Prm'rical)

* Table | ;
¢ 1is
uSed d'f\
theo ereny)y
of Y the schedules 1,
Ty (of laboy, cCOnomics) Ny chedules, for example, 33101 Philosophy and

aton 01 from Table | 1s modified as

3310 '
Rights and position of labour

3310112
12 Industrial democracy

LS SUMMARY
\> —

This Up;
nit deals wi o e
explained S with the introductory part of Dewey Decimal Clagsification and further
long 1e %ngcture and organization of the three volumes of DDC. Next, it presents a
§Journey of different editions of DDC (1979 -2011).

Sor i ints di :
me specific points discussed in the present Unit are as under:

The first edition (1979) of DDC was a thin pamphlet of 44 pages.

The sixteenth edition (1958) of DDC was issued in two volumes.

The eighteenth edition (1971) of DDC. was issued, for the first time in three volumes.
The first part of Volume 1 contains 42 pages and a glossary and the second part

B0 —

contains seven auxiliary tables. - .
5. The second Volume of DDC 'is-1574 pages. It contains schedules of class numbers

given in numerical order from'001 to 999.

1.6 GLOSSARY

Classification : It is a.scheme of arranging materials according to their degree of similarity to
one another. It is also an arrangement based on systems and logic.

Chain System : It is a method of hierarchy. Every progressive step of the unpeeling of a
topic is go along with the addition of a least one digit to the immediately superior number.

Digit : The smallest individual unit in a notation system. For example, the notation 559 has
three digits, 5,5 and 9.
Ordinal Symbols : The symbols which simply indicate the order and are devoid of any

fundamental value.
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o .
Wi the tep, main classeg of DDC?
What cont

What do

ains th .
€ second part of the first volume of DDC contain?

o .
" YOu understand by Centered Headings in DDC? Explain with examples.
at class 500 and 600 are devoted for?

Identify two numbers most recently used in the 16™ Edition of DDC.

Write down the properties of a decimal fraction. Enumerate with some examples.
What Chain Structure in DDC? Explain with some examplés, )

What Array Structure in DDC? Explain with some examples.

What is the pattern of DDC? Explain with some E;Xamples-

10. What do you understand by Hierarchy in DDC?-. |
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1.3 How to Assign Class Numbers in the DDC?
1.3.1 Subject Analysis '
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i UBARNING OBJECTIVES

3 R P O T e Wb A
B PR N e e N ot SRR

This lesson will describe the instructions through which you can classify documents in the
library.

It will help you to arrive at a specific number. After reading this unit you will be able :

* to identify the subject and to explain the meaning of various types of notes and
instruction while doing classification;
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B-103 - Library Classification (Practical)

* to describe the concept and utility of different instructions and centred headings
in the schedule; and
* toreach your final destination of classifying different documents accordingly.

A\

1.2 INTRODUCTION

Classifying any document or an entry is a self-contained unit in the schedule. It is mentioned
in the seven tables, volume 1. Several times it seems easiest, as to the designated base
number it is required to add another whole number from the schedules. '

1.3 HOW TO ASSIGN CLASS NUMBERS IN THE DDC?

Work of practical classification consists of two distinct phasgs: intellectual work in sorting
out the specific subject of the document under classification; and the craft of assigning the
appropriate notations to the ascertained specific subject-yes, it is a craft, a mechanical work.

1.3.1 Subject Analysis

The specific subject of a document may be determined by examining the document under
classification through its title, sub-title, preface, blurb, table of contents, and the text Itself.
The name(s) of the author(s), subject index and the cited references may also provide some
valuable clues. After determining the subject, the classifier must then select the proper
discipline or field of study.

1.3.2 Locating Class Numbers

To enter the Decimal Classification, the better way is through its structured ladder. Many a
time we straightwa_y; reach the section concemned through our knowledge of the scheme
bypassing the scanning of Ten Main classes and its 100 Divisions. Class a work dealing with
interrelated subjects/disciplines that is being acted upon. This is called the rule-of-application
and takes precedence over any other rule.

For example:

To illustrate this, say our subject is "Money". In the first instance, we need to determine the
discipline, by examining whether the core subject of the book is the minting of money or the
economics of money. On going to 330 Economics in the Third Summary (Volume 1. p. 476)
we see that it pertains to 332 Financial economics. At this stage, we shift to the schedules
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proper at class number 332 (Volume 2, p. 261). Examining the summary of subsections 332
(Volume 2. p. 263) we find that subsection 332.4 Money matches squarely with the subject of
the given document, By assigning, class number 332.4 to the document our search for the
appropriate and specific class number ends successfully.

"Anatomy of human lungs. The book deals with a human body organ, so in a twinkling, a
practised classifier can tell that it belongs to the main class Applied sciences, and then to its
Division medicine, which deals with the human body machine, its parts and functions.
Looking through Division 610 Medicine, we find that Anatomy (which is the science of
human organs) is 611, which is the desired section. At this stage, we shift our search to the
schedules at 611 (Volume 2, p. 828). Looking through the summary of the subsections of 611

(on page 829) we find that 6112 Respiratory system is the néxt appropriate choice.

Examining the further divisions (subsections) of 611.2 (page 830) we find the "Lungs

enumerated at 611.24, which is our specific number. If the subject is "Study and teaching of
lungs anatomy" the Dewey classifier will know that "Study'and teaching" is an auxiliary

aspect of the core subject "Lungs anatomy", and the notation for the auxiliary aspect is to be

taken from the Table 1: Standard subdivisions. Both.the notations are to be combined as per

the rules. AN

"If two subjects receive equal treatment, and are not used to introduce or explain one another,
class the work with the subject whose-number comes first in the DDC Schedules". This is
called the first-of-two rule" (paragraphs 7.16 and 7.20 -7.21.).

1.3.3 Practical Number Building -
Synthesis through "Add tQ.f.';" Instructions from the schedules.
(a) Add from 001 10,999 '

(b) Add to from'a ‘c.‘iévsignated base number taken from some other small portion of the
schedules.

(c) Add to from the same division/section.
(d) Add to through special provisions (facet indicator) including the 04 General special:
1.3.4 Addition of any number from the whole schedule, Viz, 001-099

It seems easiest, as to the designated base number it is required to add another whole number
from the schedules. It is as easy as that.
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025.46 is the Library classification of specific disciplines and subjects. For hbrarly
classification of any discipline, one finds that to the base number 025.46 add 001- ‘)99l t
means we are to add the class number of that subject to the class number 025.46, for example,
classification of books on Mathematical analysis:

025.46+515-025.46515
(515 is the class number of Mathematical analysis) Similarly, "Library Classification of
Indian Philosophy" will get the class number

025.46+181.4 =025.461 814

(181.4 is Indian philosophy)

Similarly, 026 libraries devoted to various specific disciplines are t9 be further subdivided
into 001-999 for the class number of any library devoted to any spec1ﬁc subject Science
Libraries

026+500 026.5

Terminal zeroes being redundant in a decimal ﬁgurg have been removed in the ultimate class
number. &

Libraries of library and Information SCieI:I/C.:
026+ 020 026.02 -

Libraries devoted to Indian Philosophy 026+181.4 = 026.181 4
069.9 Museums devote& to épeciﬁc discipline and

subject are subdivided i “ko 001-099 as per instruction for a museum devoted to specific
subjects. /.{‘», }
Museums of Zoolom

069.9+590=069.959

Museums on Space flight
069.9+629.41 069.962 941
Science Journalism
070.449+ 500-070.449 5

331.124 Job vacancies and opportunities (Labour economics)
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331.1241 Job opportunities in occupations other than extractive, manufacturing and
construction industries. For Job opportunities in Military service: to the designated base
331.1241, as per Instructions, we are to add the class number of Military science taken from
the schedule.

33 1.124 14355-331.124 1355

Job opportunities in Library and Information Science
331.1241+020 331.124 102

Job opportunities in Public Libraries
331.1241+027.4 331.12410274

Student Organizations in specific fields

371.84

It is to be further subdivided by 001-999 for student'sc)fci'eflles on specific subjects. We are to
add the class number of that subject to the base gumﬁfc‘f 371.84.

Students Chemical Societies ) \—
371.84+540=371.8454 A
Society of Library Science students,, » '
371.84020-371.8402
Literary Societies forrqufpy students
371.84+ 30%23%’7\1 848
Educational Curricalum
375

As per instructions under 375.01-09, curriculum for any specific subject is to be got by
adding to the base number 375 any appropriate number falling between 010-990

Curriculum in Library Science

375+020-375.02
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Curriculum in Dewey Decimal Classification
375+ 025.431 375.025 431
Take another example:

778.53 Motion Pictures photography

778.538 Photography of specific subjects To this base number we are required to add
the class number of the subject concerned for its Cinematography.

Motion-picture Photography of Birds

778.538+598 778.538 598

One thing quite obvious is that whenever a class number adrnits ﬁlﬁher division from 001-

zeroes may be used sometimes for a subject class number: I such cases, 1nstruct10ns exist for
the addition of a standard subdivision with the requlred number of zeroes.

Curriculum in Library Science
375.02
Directory of Curricula
375.000 25
Here directory is a standard sub‘dr’»vié'ion.
Similarly, 4

History of lrbrarres drserphnes devoted to various specific
026.0009 =

General libraries: A Journal
027.005

Adding to some designated base a portion of the class number from some smaller area of the

schedules

Instead of admitting a whole class number from somewhere in schedules, a designated base
may rcquirc addition from somc spccific part of the schedules, from a single Main class or
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Division or a Section or even smaller than that. It is only a specialized extension of
instructions "Add to ...from 001-999. In such a case instead of adding the whole class number
to the specified base number, a portion of a smaller number is added to avoid ambiguity. For
example,

181 Oriental Philosophy
181.04-09 Oriental Philosophy is based on specific religions.

To derive the class number for any specified religious philosophy, we are instructed under
181.04-.09 to add the number following 29 in 294- 299 to the base number 181.0. For
example,

Buddhistic philosophy The number for Buddh religion is
2943 “
Here the digits after 29 are "43". These are to be added tg,;,’
181.0 &
The derived number thus is:
181.0+ 43 181.043
Similarly,
Confucious Philosophy
Confucianism is a religiog-hayiﬁé the class number:

PN
{3

299512
)

Hence the Confuciotig iﬁhilosophy will get the class number

181.0+9512-181.095 12

Let us take another example:
331.2 Wages... of labour
331.204 In specific industries

331.2042-2049 In extractive, manufacturing construction Industry.

56|Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



\B-I 03 - Library Classification (Practical)

For a class number for wages/condition of working in any specified Industries related to

manufacturing, extractive or construction, we are required to add to the base number 331.204
the number following 6 in 620-690

Wages of Agricultural Labour

The number for Agriculture is 630 and the digits which follow 6 are 30. So 30 is to be added
to the base number 331.204. Hence

331.204 +30 331.204 3
Working conditions in Mines

331.204 +22 331.204 22 (The class number for mining is 622) 7,
395 Etiquettes \

395.1 Etiquette for specific ages and sexes.

The class number for Etiquette of a specified sex or ag,\e?gf;)up is to be got by dividing 395.1

(Base number) by 170.2022 170.2024 It means we are to add to the base 395. 1, the number
following M

170.2102 in 170.2022 170.2024
Etiquette for Men
395.1+232=395.123 2
Etiquette for Children v
395.1+22 395.122,
Whereas the class nﬁmber for Ethics of Men and Ethics of Children are
170.202 232"and 170.202 22 respectively.

Classwork on three or more subjects that are all subdivisions of a broader subject in the first
higher number that includes them all (unless one subject is treated more fully than the others).
This is called the rule of three. For example, a history of Portugal (946.9).

Take another example:
578 Microscopy in Biology
578.4 Use of Microscopes:
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For the use of specific types of Microscopes, we are to extend 578.4 like the subdivisions of
535.332. which enumerates the kinds of microscopes:

535.332 Microscopes
535.3322 Simple Microscopes
535.3323 Compound Microscopes
535.324 Ultramicroscopes
535.3325 Electron Microscopes
Therefore, the corresponding numbers of Microscopes in Biology a;g:" \
578.4+2 578.42 Use of Simple Microscopes in Biology) AVl
578.4+3578.43 Use of Compound Microscopes .\ N
578.4+4 578.44 Use of Ultramicroscopes >
578.4+5=578.45 Use of Electron Micros\_cgi)ﬂ‘és‘
Some more examples: Wheat trade {
380.141+311 (from 633.11 wheat) = 380141 31
Air conditioning in Secondary Sc{l\lobllBﬁildings
697.93+72 (from 727.2) _ ,5§7.937 2 Air conditioning in law school buildings
697.93+7434—69_7}_§3ﬂ7@4 Reviews of documents in Microforms
028.13+6 (f‘r_(\’@},@lﬁjé) = 028.136
Reviews of Braille books
028.16+3 (from 011.63) = 028.163

e "Addto.." from the same Division

There is a slight difference between "add to instruction from the same Division/Section, and
the number being added from some remote part of the schedules. "This difference lies not in
the method, but in the part of the number added. These personality facets from sections XX3-
XX9 are further divisible by the facets of XX1 or XXX2; thereby giving the general citation
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or ; : .
der as personality followed by action. Exceptions are however there to this citation order

Therefore, it is an addition of a secondary facet. One can say without reservation that this

technique has made the scheme multifaceted. There seems not much difficulty in adding such
a facet. It is quite easy because one has not to flip many pages of the schedules. Frequently
occurring characteristic of such a facet is that this "add to..." Instruction occurs not alone but
one finds instructions to add a part of particular numbers to a series of topics Therefore,
instead of repeating instructions at every class number, the editors give instruction in one
place, and the class numbers or base numbers in this context susceptible to such facet ar¢
marked with an asterisk. The meaning of asterisk (*) is explained in the footnote of every
page where asterisked base numbers occur"(Mitchell, 1994.p.8).

For example,

g0 will form the base

take the title: Cotton Harvesting. Here cotton is the concrete subject, by fon
e

number. This is a subject of agriculture: going to 630 Agriculture we find the nur
Cotton at ‘

633.51 Cotton (Gossypium)

"Add as instructed under
yeries of Instruchions
add to the base class
¢ for Harvesting 1%

It is marked with an asterisk which at the page footnote explains:
633-635". Going back to the instructions given,on page 1041, we find a
The very first instruction is relevant to our purpose. We arc asked to
number the digits following 631.5 in'631.51-631.57. The class numbe ' -y
631.55. It means that as per instrgctions we are to add (o 03351 the num,bcr ‘,‘,”l;\iv,mzl ) .
Le. 5 only. Therefore, the complete class number for Cotton Harvesting i3 633,
633.515 o)

Similarly, we can add4u3§3>l the whole series of numbers from 631.51 -57
Soil preparation for Cotton

633.51+1-633.511
Cotton Seeds

63

n

1+21=63

&

(S}
N

1211

(V)

New vanenes of Cotton 633.51 =23 =633.512 3 Cotton Yield

633

S
)

-

0
(=2}

-
A

(V3
h
Yt
wh
o0

w
[IAN]
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Cotton Storing
633.51 +68= 633.516 8 Take another example:
Reproduction in Protozoa

In this case, protozoa with class number 593.1 will form the base number. Here we are told to
add as instructed under 592-599 (p. 795). Instruction relevant to our purpose is 04 General
Special, it means for general principles 1.e. (action facet) we are to first add 04 to the
designated base and further add the number following 591 in 591.1-591.8.

In 591 the number for reproduction is 591.16. Therefore we are to add only "16" to the above
compound. number

593.1+04+16=593.104 16

Here "04" acts only as a facet indicator. The general principle ;haf emerges is that we can add
all the subdivisions of 591 to all the class numbers from 592-599 through a facet indicator
either 0 or 04. QY

Reproduction in invertebrates

The class number for Invertebrates is
592

The general principle of Invertebrétéé

592.01-.08

For a specific general prineiple, we are asked to add to 592.0 (Zero being, a facet indicator)
the number following 591 in 591.1-591.8. Class numbers for "reproduction"” is

591.16

Thus we are required to add 16 to 592.0. The complete class number therefore for
Invertebrates Reproduction is

592.0+16 592.016

Similarly, we can build a series of class numbers on the base 592.0 for general principles of
invertebrates.
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Physiology of Invertebrates
592.0+1 592.01

Biophysics and Biochemistry of Invertebrates
592.0+ 19 (from 591.19) 592019
Evolution of Invertebrates
5§92.0+ 38 (from 591 38) 592.038

Anatomy of Invertebrates
592.0+4 (from 591.4) 592,04 and so on.

It may be noted that since 0 is a subject facet indicator, so all the standard subdivisions from
Table 1 should be added with a double zero:

Dictionary of Invertebrates
592.003
Journal of Invertebrates
592.005
Experimental Research in lnvertebrqtcs |

592.007 24

But wherever the General Prinéiple facet is added through "04" the standard subdivision can
be added with the normial zero:

Dictionary of Profgéba
593.103
Study and teachings of Protozoan Zoology
593.107
Take another example: Chemical Kinetics of Alkaloids
The basic number for Alkaloids is

547.72
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Here, ' ,

Cherﬁ'wel e as}:ed.to add, as per the footnote, as instructed under 547 (on page 697). Since
- Kinetics is a topic of Physical Chemistry, so the third instruction Le. 045 Physical
-hemustry is relevant to us. Here, we are asked to add to 045 the number following 541.3 in
541.34-541 39,

It means 045 is a compounded facet indicator. The number for Chemical Kinetics is
541.394
The digits following 541.3 are "94" in this case. Thus the complete class number for the title

in question is

AN\
\ N

547.72 +045+ 94 547.720 459 4

In this manner, we can extend any class number in 546 and 547. Edf'lfxmple

Optical properties of Alkaloid solutions
547.72 +045+ 414 547.720 454 14
Thermodynamics of Chemistry of Alkaloids '
547 72 +045+ 69 547.720 456 9 Facet indicator for adding from the subdivisions of
541.2 is 044 as per the same instruction.
Stereochemistry of Alkaloids, |
547,72 +044 + 23 (from 541 )

=547.720 442 3

Quantum Chemistry of Alkaloids
547.72+ 044+8= 547.720 448

Similarly, in 294.4 Jainism, General Principles of Jainism have been placed in 234.41-48.
These General Principles can be further individualised as in 291: for this, we are asked to add
(0 the base 294 4 the number following 291 in 291.1. 291.8. Let us take an example.

Sacred books of Jains Our base number is 294 4 and the number for sacred books In 291 is
201 82. Thus to the base 294.4, we will add "82" Hence the class number for "the sacred

books of Jains" is 294.4-82-294 482

62|Page
© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



_?-I QJ - Library Classification (Practical)

Similarly, Jain Eschatology
294.4423 (from 201 23) 204 423
Sacred places for Jaing

204 4435204 435
Jan Saints

294.4461 294 461

Some of the most important examples of such a synthesis occur, however. In 350 Public
Administration where 351 is Central Governments (theoretical principles). All the Central
Govemments of various countries except the US Government, have been put at 354.3-9. For

the Central Government of a country, we are asked to add to the,base number 354 the area
notation for that country from Table 2. For example:

Union (Central) Government of India
354+ 54 (12) =354.54
Central Government of Italy

354+45=354 .45

For specific organs or aspects of the'executive of the Central Government, we are required to

add to the resulting class nur‘riber,f zero and further add the digits following 351.00 In
351.001-351.004. -

For example: :
Powers of the US PréSi;le;lt
353.03+22 (from 351.00322) =353.032 2
Powers of the President of the Republic of India
354+54 (Area Table)+0+313 (Prom 350.00313)

=354.540 313

This is the class number for the President of India, as further extension is not possible. Term
of Office of the Prime Minister of India (the Chief Executive)
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354+54+0+34 (from 351.0034) 354.540 34 Ministry of Finance, Government of

Punjab
354+545 52 (Area Table)+06+2 (From 351.02)
=354.545 520 62
Problems in Acquisition of Government Publications
025.28+34 (from 025.173 4) = 025.2834
Book Selection in National Libraries v

025.218+75 (from 027.5)=025.218 75 (Area can also be addgd,';fo 027.5)

Book Selection in the Library of Congress
025.218+75+ 73 (Table 2) = 025.218 757 3

Reference Service in Children's Libraries

025.527+7625 (from 027.625)=025.527 7625

Cataloguing and indexing of Microforms

025.34+94 (From 025.1794) = 025349 4
avoided if there is a choice between 0 and 1-9 at

Subdivisions beginning with zero shiould be
n. This is called the rule of zero.

the same point in the hierarchy of the notatio

e "Add to...." fromthe same Section

plicable to all the subdivisions of a section are enumerated
These special facets are of general applicability within
ded against each subsection and their further divisions

Sometimes some special facets, ap
at the beginning of the’same Section.
the same section. Instructions are provi
to add the desired facet. Take, for example, the title:

Heart Diseases Physicians Heart Specialists or Cardiologists

o the section dealing with all the diseases in medicine

For heart diseases, we will have to go't
fic number for heart diseases

610. The number for diseases is 616; and the speci

6 16.12 (Diseases) * of heart
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H : o

; 1e(:egan a§terlsk le:ads us to the footnote which instructs us to add as instructed under 616.1-
b16.5. Going to this bulk of on (pp. 868-869). we find the number for Physician is 0232 and it
is directly attachable to the base number:

616.12 0232-616.120 232
Similarly,
Prevention of Heart Diseases
616.12+05 616.120 5
Case studies in Heart Diseases
616.12+09-616.120 9 <

In such cases, since the subject divisions have usurped the original place of the standard
subdivisions, therefore, the standard subdivisions are advanced to the place beginning with a
double zero: '

Research in Heart Diseases
616.12+0072-616.120 072

Similar Instructions are also found under fhé ;ﬁlbdivisions of 618
618.1 Gynaecology “
618.11 Diseases of Qvary

As per similar instructions, f)’:h'é can add to this number any required facet enumerated under
the heading 618.1-618.8

Preventive measures for ovary diseases
618.11+052-618.110 52
Surgical treatment of ovary diseases

618.11+07-618.1107
Take another example:

746 Textile arts and handicrafts.

65|Page

© Department of Distance & Continuing Education, Campus of Open Learning,
School of Open Learning, University of Delhi



N

& WERRs. Y BLISc

To ivi
many of the subdivisions of 7| 6 may be

wh X added a special subdivision giv .
enever these special facets are pecial subdivision given under 746: and

admissible such places have been marked with an asterisk*
Crochet Patterng

Under 746 -

the specific class .

it the number - p‘e'c'h“ class number for crochet is 746 434 and as per instruction, we add to
mber for "Pattern" given on page 1283,

CarpetsThus the complete class number is; 746.434+041 746.434 041 Pattern in Woven

746.72+041=746.720 41

Similarly, under 787-789, "other" instruments and their music, many special facets have been

enumerated which can be added, as explained before, to the subdivigions in 787-789
Guitar programmes
781.61 +0739-781.610 739
One can add area notation from Table 2 to 0739, 1
required:
Guitar Programmes in U. S. A -
781.610739 +73 (T2), ‘
78161073973
Guitar Scores :
781_.5@5781.615
Take another exafﬁfife in 546 Inorganic chemistry. Here almost all the individual elements are

extendable by some special facet enumerated once and for all at the beginning under the

general heading 546 Inorganic chemistry. The instruction here is: Add to each subdivision
identified by* as follows:

1 The Element
2 Compounds

22 Acids and bases
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24 Salts'

25 Complex compound
> Physical chemistry
6 Analytical chemistry
For example, if the subject is: Potassium salt Class number for Potassium is
546.383
and "Salt" is a Special facet having the number "24"
The complete class number for Potassium salts therefore is:
546.383+24

=546.383 24

Similarly, the Special facet for "Physical Chemistry of ‘individual elements is "5". As per
instruction. it is further divisible as the subdivisignsof 5413 as in 541.34-541.39.

We are to add to 5 the digits following 541.3 in 541.34-541.39.
For example, )
Physical Chemistry of Potassim. 9
546.383+5=546.383 5 '_ »
Chemical Kinetics of PotaSsi{lm
(Itisa topivc:\évf‘P?hysical Chemistry)
The base number is 546,383
Since it is a Physical Chemistry aspect, so we add 5
546.383 +5
=546.383 5
The digit "S" is further extendable by the subdivisions

of 541.3
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Th
e class number for Chemical Kinetics is

541.394

The dici o
he digits that follow 541.3 are "94". Hence the complete class number for "Chemical

Kinetics of Potassium" is
546.383+5+ 94 546.383 594
Similarly,
Isotopes of Potassium
546.383+5+88 546.383 588 ~2

Photochemistry of Potassium

546.383+5+5=546.383 55 e\

Quantitative Analysis of Sodium

546.382 + 65 546.382 65 \
some of the subdivisions of 721-729 Specific aspects of the

Some of the facets applicable to
d there orpage 1238

architecture have been enumerate
722 Ancient and Oriental Architecture

722.11 Chinese

It, as per instruction, adm_i{si“a’;fécet enumerated under 721-729.

Maintenance and repailjgf the Chinese Architecture

70211 +0288-722.110289
Preservation Theatre Buildings

725+82 + 0288 725.820 288

The architecture of Buildings for physically handicapped

725.54
(Here there is n0 need of adding "42" from the facets given under 721-729)
Preservation of Knitted laces
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746.22+0488 =746.220448

Repair of Woven rugs
746.72 +0489 = 746720 489
Scores of Children's Songs
784.624+06 -784.62406

Collection of Duet Songs sung by Children

784.82 +1 (from 784.306 11) = 784.821.

The present unit deals with the work of practical classification and consists of two distinct

phases first phase deals with intellectual work in sorting out the specific subject of a
document under classification and the second deals with the assignment of appropriate

notations.
After reading this unit you will be able to :

i, analyse the subject;
ii. locating class number;
iii.  practical number building.

ES GLOSS |

Add Note: An inst(pcfi'o}x appended to an entry to extend the class number by a part of
the number takenf.:e@fﬁér from the schedules(Volume 2) or from any of the Tables 2 to 7

(Volume 1).

Centred Entry/Centred Heading: A heading denoted by a span of numbers, as there is n0
specific number for that heading. Under every centred entry, a number for comprehensive

works is always given.

*Class elsewhere' Note: An instruction given under a heading directing to a distinct number
for a related subject, or for a part of that subject.
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“Class here' N
ote: Instructj
10N un . v ,
that class number where appare (lier.a heading giving explicit instructions to class a topic under
ntly it does not seem a part of that heading, Usually the subject

to be classed there
€re 1s brog . .
oader than the heading under which this note appears.

Othel Ieadi]l \ . . 0 asSlgns LlaﬂS I]llmbelﬂ “()n] e 'lﬂ.'.'iﬁ y ti() t t

Subject Analysi
alysis: L : .
ysis: The specific subject of a document may be determined by examining the

document und
un ificati - )
er classification through its title, sub-title, preface table of contents and the text.

(16 SELF ASSESSMENT QUESTIONS i

A\

1. What is the rule of application in DDC?

2. What is the first-of-two rule in DDC?

3. What do you understand by "add to" instructions?. -
4. What is rule-of-three? Explain with an example- '

5. What do you understand by rule-of-zero?

6. Define the sections of personality? *

7. Where we can add the special fé&;et:s?

8. What is the use of an asterisk (’;)?

Comaromi, J. P. (1978). Use of the Dewey Decimal Classification in the United States and
Canada. Library Resources and Tt echnical Services, 22(4), 402-8.
Mortimer, Mary (1998). Learning dewey decimal classification. Edition 21. Canberra:

DocMatrix,. pp. 87-88
tthews, W. E., & New, G. R. (1996). Dewey decimal

Mitchell, J. S., Beall, J., Ma
classification. Encyclopedia of Library and Information Science.

Osborn, Jean (1982) Dewey decimal classification, 19th addition: a study Manual.

Littleton: Libraries Unlimited.
Satija, M.P. (2007). The theory and practice of the DDC. Oxford, UK: Chandos, 2007. Xix.

206p.
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Satija, M. P. (2013). The theory and practice of the Dewey decimal classification system
Elsevier. |
Satija, M.P. & Comaromi, John, p (1998). Exercise:
Decimal Classification. New Delhi: Sterlin
Satija, M.P. and Comaromi, John P (1987).

Introduction 10 the Practice of Decimal
Classijicatiorz. New Delhi: Sterling Publishers
18 SUGGESTED READING

\_,, — -
Osborn, Jean (1982) Dewey decimal classification, 19th addition: « study Manual.
Littleton: Libraries Unlimited. '

S in the 215t edition of the Dewey
g. 148 p.

Satija, M.P. (2007). The theory and practice of the DDC. Oxford

JUK: Chandos, 2007. Xix.
206p.

Satija, M. P. (2013). The theory and practice of the Dewey decimal classification system.
Elsevier.

Satija, M.P. & Comaromi, John, P (1998). Exercises inthe 21st edition of the Dewey
Decimal Classification. New Delhi: Sterling. 148 p.

Satija, M.P. and Comaromi, John P. (1987)._Introduction to the Practice of Decimal
Classification. New Delhi: Sterling Publishers
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The Concept of Ramrajya in
- Tulsi's Ram Charit Manas: A
. Politico Philosophical Analysis

Al ideal state, a good social order, and a moral way of life have always
been the:quest of every society at all times. Religion, moral values,
law, politics, and administration have all been set up.to overcome the
weaknesses of imperfect human nature. Every civilization is always
in search of such leaders and heroes who could remove so

and és&bhshan ideal social order, i+ fwn

" *ITHhe historians question the historicity of Rarfi: They-doubt the
very existence of the person itself. According to prof, R. K. Tripathi,
“History requires concrete evidence in the form of coins, inscriptions,
etc to prove the existence of a character, Even if we take into account
places mentioned in the Ramayana like Chitrakoot, Ajodhya, which
still exist, the fact is that Ramayana is not a historical text. So,
frofn'that pefspective, there is no historical evidetice available of
Ramii;” Having said that, we stil] cannot fiegate/Raina’s presence
¢asily, since he has been a part of our.collective consciousness
for along time, “In fact, it is because of this, that we cannot look }
at Ram objectively, since he has made the transition from being '
simply a character in an epic to'a religiousfigure," ho symibolizes
the ethical conduct which is to be followed by each individual. E

L TERR AR

*Assistant Profossor; Departmnt of Politica) Séiclicg. SwmiShnddhmmd College,
University of Delhi, E-mail: pankaj.anany@gmail.com .. | S
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says S. Settar, former chairman - , o
Research. (Atul Sethi, 2007) of the Indian Council of Historical

thmThe %l;?uo;: of the hour s whether historicity is more important
symbolism? The popular narrative of the story of Ram is that he is
alegendary figure. The story of Ramayana is imaginary. But, we have
to create a new mﬁve of Ramayana, For us, the story of Rama may
not be true historically, but, it symbolizes a moral socio-political order
which should be established for the well-being of mankind.

Great western political thinkers like Plato gave the theory of an
ideal state and a philosopher-king. The theory was totally imaginary.
But, it was developed in the light of the then prevailing degencrated
polity of the city-state of Athens which Socrates criticized vehemently.
(Adam, J. (€d), 1902) oo . -

Similarly, The famous thinkers of enlightenment and renaissance
such as Thomas Hobbs, John Locke and Roussesu propounded the
theory of social contract. For them, state was not the product of divine
will but an outcome of 8 social contract which was reached upon among
the members of human society at & certain point in time. The theory
came in the context of a fuel despotic socio-political order which
enslaved the entire population of Europe. It s said that their theories
are not historically proven. But, that does not lessen their importance
because these theories are not real stories but they symbolize the need
for a democratic polity which was the need of the time.

During the period of renaissance, Sir Thomas More wrote the book
“Utopia” in 1516. He was the first person to use the term “utopia,”
describing an ideal, imaginary world in his most famous work of fiction.
His book describes a complex community on an island, in which people
share a common culture and way of life (“16th Century Dreams, At its
heart, the book poses the question of whether there could ever be such
a thing as a “perfect” world and served as & platform to highlight the
chaos of European politics st the time. The book, written in 1516, is
Moore’s attempt to suggest ways fo improve European society, using
“Utopia” as an example. (Cristina Akung and Reagan Bleasdell)

The famous Russian writer and philosopher Leo Tolstoy wrote in
his famous book “Kingdom of God is within you™ in the 19* century
in which he called for the establishment of a moral social order at the
world level, The book was written in the context of the 19*-century
world when Europe was divided into two military cemps that were
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. © 80-calleq civiHZCdted&.) show an altemative idealistic way

Bistorically rye tm‘.’ 8bout the story of Tulsi’s ram. It may ot be

ytme,butltsymbor : Y
B petfect mora souiety dort izes a moral‘pohty that was the call for
The concept of ty uring the difficult times of the medieval India.
EfFott g rey 2 Raf” described in Raim Chatit Manas was an
maya]sor‘:i“"enate 8 society that was suppressed by an alien rule. It
o o0 b€ Called an attempt to bring a renaissance into Indian society.

.. The Indian society of the medicval period was marked by several
Social evils, Sati and Johar were widely practiced. Many women of that
time were forced to become sati, Child marriage and polygamy were
8150 prevalert in society. Another evil of that time was the rigid caste
System. It was marked by the ego and pride of uppér caste people against
the lower caste groups. The caste conisciorisness was accompanied with
the'superstitious idea of purity and pollution. © -

" Ramchatit Manas established equality betweén man and woman.
It says Ram'and Sita are the same but of twa different genders. Sita's
swayamvar and rewrite of Maya Sita which was niot present in Valmiki
Ramayana show dignity of women. Ramcharit Manas also argued that
men should hear the advice of women and gave an éxample of King
Bali of Kish kindha who did not hear the advice bf his wife Tara which
resulted in the loss of his life in the hand of his brother Sugriv. 21st
cétitiiry saw the rise of several feminists movement, me too movement,

~which says that no one can touch the women without her consent.

Raricharit Manas highlighted that abducting someone else wife without
her consent is riot acceptable while women may choose to stay with a
pérsofi who captured their kingdom after the defoat of her husband in
the war, Thus, It underlines women's rights, (Kuma, 2020)

+ It ds‘believed that the Hindu soclety of the ancient period was
matked by a flexible Verna scheme which was a simple system of
division of Iabor, This was later changed to & rigid caste system resulting
in all types of discrimination including untouchability, Tulsidas in his
Ramcharit Manas discarded the malpractice of caste discrimination and

“uritouchability. He clearly says that bhakti and devotion are the only
 means to reach god, If you do well, you are of good caste and if you

do bad deeds; you are a bad caste person and there i no in-between.
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Ram Charit Manag ment;
were said to be belongi‘;;n;d? characters like Sabari and Kewat who
and had no negatiye ﬂf“’ Caste, but as they were devoted to
of the same caste ag ofmm‘him‘;ugh“mmmwm cogifered
Apartfrom the case sysem e e vittons, I
society of that mé was qanre women's rights wolnhon{, Indian
y - ¢ Was oppressed and suppressed by a foreign rule
which created a lot of distortion and di i ’
There was.a Iack-of unity stl_ubance in the social order.
peslod of Muihi ity among the Hindu masses. That was the
ughal rule, idolatry was strongly criticized and a lot of
low caste people were converted to Islam. Tulsidas made a genuine
effort to bring two sects of Hindu society together, Shaivism and
Vaishnavism. He interpolated many instances in his Ramicharitmanas
which were not there in the original Remayana written by Valmiki.
For instance, Ram worshipped Lord Shiva in Rameswaram before
he went to Lanka to fight with Ravana, The main aim was to bring
the two sects together and bring Hindu unity in an already chaotic
condition, (Kumar, 2020) A -
The above said ideas of Tulsidas have been summarized in the
description of Ram Rafya. A vision of Ram Rajya s an ancient vision,
first articulated by Valmiki in his Sanskrit literature on Ramayana.
During mediéval times, Tulsidas in Ram Charit Marias presents thiz
vision and brings it 0 the popularfevel. During modern timcs, Mabates
Gandhi articulated it s a global vision for human society, It mey-
compared with Plato’s vision of an ideal stae of Repi>
Moor's “Utopia” of the period of re
philosopher Lea Tolstoy gave the same
Kingdom of God s within You”. .
" In Ramayana, Ram Rajys is established for 3rt 8
Ayodhys after killing Revana in Lanks, As the king of Ayo
ceate  kingdor whee everyon i appy. The descrpton
Rajya may look Utbpian to us today. Given the fact thatthis legead
phrase has survived fof 5o long, this must have been a eality
point in time, éven If thit period did not last forever (Goyal, 2000,
" Description of Ram Rajy comes in Utara Kand oftie Tt Gan
Raunchart maaa e Sri R s st ok s ieads
With him from Lanks, Kishkindha sad Preysg. Doliss £ Ch
describe the diffétent dspécts of 8 Ram Rafy. (Goyel, 2019)
" Inthis Doha. Tulsidas gives the abstract of what Ram R
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il meveryone lives according to the Dharma of their Varan

; or when everyone does what they are supposed to do in
their work and as per their stage in life as defined in the Vedas. When
the.re is no fear, no sorrow, and no discase — it is the essence of Ram
Rajya.” (Goyal, 2019)

.He says in Ram Rajya, no one suffers physically, spiritually, and
bodily. Everyone lives in harmony with affection towards each other
while performing their duties as described in the scriptures. For our
times, we can take it as per the law and ethically perfect socicty.
(Goyal, 2019) o

She further elaborates, in “Ram Rajya, no one dies young. Everyone
has a besutiful body free of discases. No one is poor, sad or pitiable.
No one is a fool or without Shubh Lakshana or auspicious signs.No
one is vain. Everyone is pious and busy doing their Dharma. All men
and women are smart and talented. All are knowledgeable and respect
those who know. Everyone is thankful and no one engaged in the deceit
of any kind.” (Goyal, 2019) ;

. “In Ram Rajya, Dand (a staff) can only be seen in the hands of
Yogis, who use it to rest their hand on it whilé doing their Tapasya.
Jati Bhed ( difference in different Jatis or castes) can only be seen in
the dictionary of dancers who use it to define the difference between
different thythms & notes. Jeet (winning) only refers to the winning
of hearts as there is no enemy left to be won.” (Goyal, 2019)

“All the forests are full of flowers and fruits, Lion and elephants live
together. All the birds and animals live harmoniously without the known
animosity between them, with mutual affection, Birds chirp & different
animals live happily without fear, Mlld, ¢ool, fragrant wind blows, and
bees buzz as they collect honey from the flowers.” (Goyal, 2019)

. “Mountains and hills are mines of precious stones or Manis.
rivers are full of cool, clean, and sweet water that is the source of
happiness. Oceans stay within their limits, and they leave their treasures

on the shore ft'>r bumans. All ponds are full of lotus blooms spreading
Joy in all 10 directions.” (Goyal, 2019) =
‘Markets are full of things at no price, Cloth merchants, jewelers:

traders sit in the market like Kuber - the god of wealth.” (Goyal, 2019)

)
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It is worth notin
h
Hot be true in reality 83::‘:::;&: ':c!l a h:avenly state of affairs may
ha . . ision of an ideal state or 8 “utopia”
X u: :vr:ls :ot:s:lntcd by Valmiki first and then by Tulsidas. It :eprg:ts
e lth order and a perfect model of good governance. It also
symbolizes the state of a clean environment with balanced ecology.

CONCLUSION
In this way, we find that the story of Rama, the hero of great epic
is in search of a good moral social and political order. It
resembles the models which were put by wester thinkers during the
period of renaissance. Although, one knows that this idcal is like 8
remote star that could not be achicved in near future, it epresents
and symbolizes the ideal socicty which would become &
for future generations.
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Chapter 11 ®
Biofuels from Algae i |
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Shashanka Channakla, Sreevarsha Davasam Srinivasa Gupta,
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Vijaylaxmi Basavaraj Salakki, T P Krishna Murthy, Priyadarshini Dey,
Deepak Gola, Sunil Kumar Srivastava, Nitin Chauhan,

and Randhir K. Bharti

Abstract Microalgae have been a very promising and prominent source for the
production of biomass, biofuel and bioenergy in the developing world. They can
produce smaller land footprints while producing high yields in total and have the
potential to use the land that is otherwise incapable of food production. Since
microalgae are perennial and have good tolerance power against pH changes,
these components are in high demand currently. In this chapter, we have mainly
focused on the production of biohydrogen, biomethane and bioelectricity using
microalgae as the main component with the mechanisms and the limitations faced
during the process. This chapter also covers how microalgae are involved in the
treatment of wastewater and biohydrogen production using dark fermentation.
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Biomethane is also one of the major biogases that are produced using the processes
of methanogenesis and fermentation with the help of microalgae.

Keywords Microalgal biomass - Biofuel - Bioethanol - Biodiesel - Photobioreactor -
Raceway pond

11.1 Introduction

Today energy is a major concern that determines the technological process and
living standards of a society. So far, fossil fuels have played a crucial role in terms of
energy utilization, but the production of these fossil fuels continues to deplete.
Furthermore, these nonrenewable fuels are not sustainable, and moreover, excessive
utilization of these fuels in recent years has caused global warming as a result of the
release of greenhouse gases. Therefore, there is a pressing need to develop alterna-
tive fuels to tackle the ever-increasing global energy demand and also address the
environmental issue.

Biofuels are thus known as the best alternative renewable fuels as they have the
potential to replace the pollution-causing and exhausting fossil fuels in terms of
energy security and environmental protection (Srivastava et al. 2020). Studies have
shown that substituting the depleting fossil fuels with renewable biofuels such as
biodiesel and bioethanol leads to a net reduction in greenhouse gases by 54% and
31%, respectively (Koh and Ghazoul 2008).Thus, research is now being focused on
utilizing renewable sources such as microorganisms for the production of biofuels
and making it a commercially viable process.

Of the microorganisms, algae have been recognized for an efficient production of
various biofuels, i.e., bioethanol, biodiesel, biogas, biohydrogen, etc. Biofuels from
algal biomass is a gainful option as they produce the primary metabolites (lipids,
carbohydrates, proteins) via photosynthesis that are building blocks in algae. The
carbohydrate content can be utilized for bioethanol production, while the lipid
content can be transesterified to biodiesel (Srivastava et al. 2020). The algal biomass
also yields biogas and biohydrogen after using suitable conversion technologies
(Koller et al. 2012).

This chapter is thus an attempt to evaluate the different biofuels that can be
obtained from algae and their economic and environmental impact on society by
large.
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1.2 Characteristics of Algae

Algae can be cate
They are simple
light for the proc
or photoh

gorized into microalgae and macroalgae based on their structure.
chlorophyll-containing eukaryotic, autotrophic organisms that use
ess of photosynthesis. Algae can grow either photoautotrophically
: eterotrophically, Photoautotrophic algae can convert the inorganic carbon
dioxide present in the atmosphere into organic nutrients of carbohydrates. On the
other hand, heterotrophic algae continue their development by making use of cheap
organic carbon sources. Algae are classified according to size and shape, viz.,
macroalgae and microalgae. Microalgae are photosynthetic microorganisms. They
can tolerate the harsh conditions with their unicellular and simple colony structures.
Spirulina, Chlorella, and Dunaliella are examples of microalgae utilized for
bioethanol production (Maia et al. 2020). Macroalgae/seaweeds are acclimatized to
marine life and are habitually found in coastal areas, Macroalgae are classified as red
seaweeds, brown seaweeds, and green seaweeds based on their pigment content
(Ozgimen and Inan 2015). Laminaria, Undaria, Porphyra, and Gracilaria are

examples of macroalgae used for bioethanol production (Ramachandra and Hebbale
2020).

11.2.1 The Superiority of Algae Over Other Microorganisms
Jor Biofuel Production

These algal-based fuels have numerous advantages over other microorganisms and
plants in terms of their minimal growth requirements, viz., CO,, nutrients, water, and
sunlight for growth. The biggest benefit of utilizing these fast-growing algae is that
they can sequester ten to fifty times more CO, compared to the slow-growing
terrestrial plants thereby mitigating the impact of CO, on global warming. This
trapped CO; is then fixed by algae to carbohydrates and lipids that can be used for
the production of chemicals, biofuels, or food (Mondal et al. 2017).

Another lucrative factor for the production of biofuels from algae is that it can
grow in wastewater and brackish/saline water which further eliminate the need for a
freshwater medium (Park et al. 2011). Further, algae have low hemicellulose and no
lignin in their structural components unlike terrestrial plants as they grow in water.
Thus, it is easy to harvest the starch for bioethanol production. Also, in comparison
to conventional feedstocks such as plants, algal production does not occupy agri-
cultural lands, does not depend on seasons, does not require the application of any
fertilizers for cultivation, and is, therefore, more sustainable (Sharma et al. 2018).
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11.2.2 Bioethanol

Bioethanol fuel is obtained by fermentation of sugars by microorganisms such as
yeast. Bioethanol-blended gasoline is an important eco-friendly alternative to neat
gasoline. It provides higher thermal efficiency and improved brake power in a spark
ignition (SI) engine. Bioethanol is oxygenated (35% oxygen) and supports combus-
tion, thereby providing the potential to decrease emissions. Bioethanol is used in its
pure form (E100 blend) and vaporizes at low temperatures with difficulty; hence,
gasoline is typically mixed with a small amount of bioethanol to facilitate ignition.
Thus, the E85 blend is the most commonly used gasoline-ethanol blend in motor
vehicles. Besides, bioethanol has a high octane rating that allows high engine
compression ratios, which enhances the engine’s performance and consequently its
efficiency (Verma et al. 2019).

11.2.2.1 Bioethanol Feedstocks

Bioethanol is a liquid biofuel that is usually obtained from the first generations’ fuel
feedstocks, viz., the edible sugary and starchy feedstocks such as sugarcane, com,
sugar beet, and the nonedible second-generation cellulosic feedstocks such as wheat
straw and woodchips (Vohra et al. 2014).

The raw materials utilized for bioethanol production are differentiated based on

+ chemical composition, viz., carbohydrate sources: (i) sugary raw materials (sugar-

cane, sugar beet, whey, sweet sorghum, molasses), (ii) starchy raw materials (grains
such as wheat, comn, and root crops, e.g., cassava), and (iii) lignocellulosic raw
materials (agricultural waste, straw, wood, and crop residues) (Busic et al. 2018).
Further, sugars from molasses, sugarcane, sugar beets, and fruits can directly be
fermented to ethanol by using yeast. For producing sugar from starchy materials that
are fermentable, few processes like milling, liquefaction, and saccharification are
required. In the case of lignocellulosic materials, milling, pretreatment, and hydro-
lysis are vital (Vohra et al. 2014).

The advantages of first-generation feedstocks over the other generation feed-
stocks are low conversion cost and high yield of sugar (Ozgimen and inan 2015).
However, the sugar and starch-based feedstocks contest with the food, thus influenc-
ing their supply. Thus, alternative non-feed-based second-generation feedstocks
such as lignocellulosic biomass are explored. The challenge of using lignocellulosic
biomass is that it requires expensive harvesting and pre-processing steps like
pretreatment and hydrolysis to obtain the liquid biofuel (Balan 2014). Thus, it
becomes pertinent to explore the algae that are grouped as third-generation feedstock
for bioethanol production.
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11222 Algal Feedstock for Bioethanol Production

Etha_nol produced from the algae depends on the fermentable algal polysaccharides
that include sugar, starch, and cellulose, Macroalgae are preferred over microalgae
for producing bioethanol. The carbohydrate content in macroalgae appears to be
25-50% (green algae), 30-60% (red algae), and 30-50% (brown algae). The cell
wall of macroalgae is made up of cellulose and hemicelluloses that comprise 2-10%
of dry weight. Further, when compared to microalgae, polymers like carrageenan
(red algae), mannitol (brown algae), alginate (brown algae), and laminarin (brown
algae) are abundantly occurring as structural components. Few macroalgae species
have a high content of polysaccharides such as Porphyra (40-76%), Ascophyllum
(42-70%), and Palmaria (38-74%) (Ozgimen and Inan 2015). In microalgae, the
carbohydrate content is up to 70% of the biomass. Microalgal cell walls are made up
of inner and outer cell wall layers. The outer cell wall layer comprises polysaccha-
rides, viz., agar, pectin, and alginate, whereas the inner cell wall layer comprises
cellulose, hemicellulose, and starch inside the cell. Thus, bioethanol obtained from
algae has substantial potential because of a higher rate of production (due to high
photosynthetic efficiency), higher content of fermentable carbohydrates in biomass,
and low percentage of lignin (which facilitates extraction of sugar) when compared
to other terrestrial feedstocks (Maia et al. 2020).

11.2.2.3 Ethanol Production from Algal Biomass

The procedures for ethanol production from algal biomass involve harvesting where
it is necessary to collect algal biomass from photobioreactors or open ponds. The
next step includes dehydration for removal of up to 50% water content followed by
extraction of by-product using different crushing/pretreatment techniques for the
increased sugar concentration resulting in improved ethanol yield. The starch and
cellulose are hydrolyzed by utilizing chemicals such as acids or enzymes like
cellulases. This is followed by fermentation utilizing yeast such as Saccharomyces
cerevisiae in fermenters. Distillation is carried out after fermentation to obtain
ethanol from the fermentation broth by eliminating water and other components
(Shalaby 2013).

11.2.2.4 Enzymes for Hydrolysis of Algal Biomass

The microalgae can be hydrolyzed by physical methods such as grinding, milling,
and pyrolysis and chemical methods such as using acid/alkali or biologically by
enzymes. Enzymatic hydrolysis by cellulase of cellulose is preferred as this process
is highly specific and produces reducing sugars, e.g., glucose. The factors that are
responsible for the hydrolysis process are the contents of hemicellulose or lignin, the
crystallinity of cellulose, thickness of cell wall, the surface area of the substrate,

e e .
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porosity, mass transfer, etc. Since algae contain negligible hemicellulose and no

lignin, so cellulase could be utilized to break the microalgal biomass (Noraini et al.
2014).

11.2.3 Biodiesel

Biodiesel is a liquid biofuel that is obtained by the transesterification of triglycerides
of oils and fats. Biodiesel does not have sulfur and its performance is similar to
petroleum diesel. Further, biodiesel reduces emissions such as particulate matter,
carbon monoxide, hydrocarbons, and sulfur dioxide. However, emissions of oxides
of nitrogen may be present in compression ignition engines (Mata et al. 2010).

11.2.3.1 Biodiesel Feedstocks

Depending on the origin of the oil sources (plant and animal), they are classified as
(i) edible vegetable oils (soybeans, rapeseed, canola, safflower, coconut, groundnut,
etc.), (ii) nonedible vegetable oils (jatropha, jojoba, mahua, karanj, etc.), and (iii)
animal fats (lard, tallow, fish oil, poultry fat). Since edible vegetable oils have high
production costs and there is a lacuna in the supply and demand of such oils,
biodiesel is produced from nonedible vegetable oils and animal fats. However, the
production of nonedible vegetable oils relies on the availability of the land for
growing the crops, while animal fats have high saturated fatty acids and solidify at
room temperature. Thus, biodiesel from other sources such as algae needs to be
explored (Singh and Singh 2010).

11.2.3.2  Algal Feedstock for Biodiesel Production

Microalgal species are chosen over macroalgae for biodiesel production. The pro-
karyotic microalgae include Cyanobacteria (Cyanophyceae), while eukaryotic
microalgae are diatoms (Bacillariophyta) and algae (Chlorophyta) (Mata et al.
2010). The average triglycerides/lipid content ranges from 1% to 70%: however,
under certain stress conditions of deprivation of nutrients or high light intensity,
some algal species can attain 90% of dry weight in its lipid content. High triglyceride
content is usually found in eukaryotic algae than prokaryotic microalgae. The
triglycerides occur in algal cells as storage compounds. Other kinds of lipids
occurring in algae include phospholipids (lipids with fatty acids with a phosphate
group on glycerol), glycolipids (lipids with fatty acids with a sugar molecule on
glycerol), and sulfolipids (sulfate esters of glycolipids) (Mondal et al. 2017).
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11233 Production of Diesel from Algal Biomass

Tt}:e Pr.ocedures for diesel production involve harvesting algal biomass from
fh_OtObl.oreactors‘ Or open ponds. Next, the biomass is processed by dewatering,
Ickening, filtering, and drying. Thereafter, the oil is extracted by cell disruption

tzeging)ique, followed by transesterification of the il that yields biodiesel (Mata et al.

11.3  Superecritical Fluid Extraction of Oil from Algae

Conventional to extracting oil from algal biomass, solvent extraction is usually
utilized as it is a rapid and efficient extraction process. The lipid content is directly
separated from the dried/lyophilized biomass. Solvents such as methyl tert-butyl
ether (MTBE), hexane, isopropanol, and ethanol are commonly used for the extrac-
tion of lipids as it gives the most precise lipidome profile and is less toxic. Super-
critical fluid extraction (SFE) is an eco-friendly technology that replaces the
conventional organic solvent extraction method. The physical properties of super-
critical fluids are intermediate between a gas and a liquid. Due to this property, fast
penetration of the fluid through cell matrices occurs, which gives a high yield of lipid
in a short extraction time. The extraction ability of a supercritical fluid generally
depends on its density that can be adjusted by varying the temperature and extraction
pressure. The SFE operates at low temperatures, and during extraction, it protects the
quality of algal lipid. Therefore, additional solvent processing can be minimized.
Supercritical CO, extraction can extract lipid from microalgae at a large scale. This
process is nontoxic and rapid and produces solvent-free lipids. However, this
technique is expensive and requires high energy and therefore is less popular

(Ranjith Kumar et al. 2015).

11.4 Bioreactors for Biofuel Production

The growth requirements of microalgae are supply of CO,, light, organic salts, water,
and suitable temperature conditions.

Temperature affects microalgal growth specifically cellular physiology and mor-
phology. High temperatures accelerate the metabolic rates of microalgae, and
microalgal growth is inhibited at lower temperatures. The optimum temperature
for the growth varies from 15 to 26 °C (Kumar et al. 201 1).

Vast microalgal species grow at neutral pH, whereas only a few marine algae
grow at pH 8.0-8.4. With the increase in CO,, biomass productivity with higher
concentration can be obtained, and the pH of the media drops to 5.0 which impacts
the physiology of the microalgae adversely (Kumar et al. 201 1).

L



)

190
A. U. Kumar et al.

Light illumination ;
s the energy source f; i i -
should be optimal for CO, ﬁxatigy e for the microalgae, and the intensity

. on and growth of biomass. Light intensity plays
aESx;ol:l?rl:“z,gf f;i}llCtor for the production of bif)mass if it' is below the optimum level.
photoinhihi eDmlchalgae to Igng Fluratn_on and high intensity of light causes
and ol tion. urapoln of low l{ght Intensity enhances growth, CO, assimilation,

4180 microalgal lipid productivity (Mondal et al. 2017). Microalgae have the
eff_iC‘e“CY to fix atmospheric CO; to soluble carbonates, e.g., NaHCO5 and Na,CO;.
Mlcroalgae consume the CO, up to a certain level, and after a certain concentration,
1t tends to be detrimental to the growth of the cells. The environmental strain caused
by the high CO, concentration results in a reduction in algal cells for CO, seques-
tration potential (Kumar et al. 2011). The release of O, by the microalgae is due to
the splitting of water molecules during the process of photosynthesis. The O, trapped
in the liquid growth media results in harmful effects of photobleaching that decreases
the photosynthetic efficiency. Thus the degassing system is needed for the removal
of O, (Mondal et al. 2017) The mixing rate is vital which affects the growth of
microalgae. Proper mixing provides uniform distribution of nutrients and also proper
distribution of light to all the cells. Low mixing rates hinder mass transfer in gases
and cause settling of biomass, and anaerobic conditions are created. Also, high
mixing rates can damage the microalgal cells due to the generation of shear forces.
Apart from CO,, other inorganic elements such as nitrogen are required. N, is a
component of nucleic acids and proteins. When the growth medium lacks nitrate,
discontinuous feeding of nitrates increases the microalgal growth. Under the condi-
tion of nitrate limitation, the metabolism of nitrogen in algae declines, which leads to
the enhanced synthesis of non-nitrogen compounds. Further, protein synthesis is
hindered as a result of insufficient nitrates, and also biomass production is decreased.
But under such conditions, lipid concentration increases (Mondal et al. 2017).

11.5 Algal Cultivation Systems

Microalgae can be cultivated in open culture systems, viz., raceway ponds, and in
closed culture systems like photobioreactors. The main differences between open
and closed systems are in the mode of operation, viz., cooling and gas exchange; in
the susceptibility to outside environment, e.g., rainwater and contamination by
unwanted species; and on the expenditures for construction and operation of the
systems (Jerney and Spilling 2020).

11.5.1 Open Ponds

Cultivation of microalgae in open ponds is in the form of large tanks which is the
conventional method and widely used to grow algae at large scale and is relatively
simple to operate, construct, and maintain and utilizes minimum energy for mixing
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the culture. (Narala et al. 2016). This setup is inexpensive as old tanks can be utilized
t(_’ grow microalgae. The types of open cultivation systems include shallow lagoons,
circular central-pivot ponds, simply mixed ponds, natural ponds, thin layer cascade

Systems., and raceway ponds. The most commonly used ones are the raceway ponds
(Borowitzka and Moheimani 2013).

11.5.2 Raceways

The raceways are characteristically made of concrete or can be constructed by
digging onto the earth that is lined with a plastic liner to avoid the ground soaking
up the liquid. Baffies in the channel optimize the space by guiding the flow around
the bends. Mostly this system is operated in continuous mode. The fresh feed that
contains nutrients (phosphorus, nitrogen, and inorganic salts) is introduced at the
paddlewheel, and the algal broth is harvested behind the paddle wheel after com-
pleting the circulation through the loop (Singh and Sharma 2012).

The demerits of an open pond system are that they require large areas for scale-up
and are affected by the culture conditions of the open ponds such as culturing
temperature, the intensity of sunlight penetrating the pond which in turn depends
on the depth of the water level of these ponds. Further, loss of water from evapo-
ration cannot be prevented and the weather conditions could be unpredictable. Hence
the production rate of algae is impacted due to the local environmental conditions.
Moreover, they are unsuitable for commercial-scale cultivation because of the
chances of contamination (Singh and Sharma 2012). Thus, biomass produced is
variable and low. So, to overcome the drawbacks of an open pond cultivation system
for large-scale microalgae production, closed cultivation systems are preferred.

11.5.3 Closed Ponds

Cultivation of microalgae in closed cultivation systems is also known as closed
photobioreactors (PBRs). In these bioreactors, illuminating sources are introduced
so that algae can grow to utilize this light. Bioreactors that intake CO, can use CO,-
rich gas for mixing and as a feed for algal growth. Agitation can be achieved
mechanically/non-mechanically by bubbling CO,-rich gas into the inlet of the
photobioreactor. There is high mass transfer in the bioreactors, especially for CO,
capture. Thus, CO, from the gaseous phase is directly transferred into the algae via
the lipid phase, and so resistance to mass transfer is increased (Das 2015).

These bioreactors have high photosynthetic efficiency and higher biomass pro-
duction as they are operated at controlled conditions and parameters. PBRs have
many advantages over the open pond system in terms of controlling the physical
environmental parameters. Also, PBRs are designed as well as optimized to suit the
cultivation of the microalgal strain of choice. Further, this closed system uses little
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space and increases the accessibility of light. Here the chances of contamination are
reduced, and thus higher and pure microalgal biomass can be obtained. However,
PBRs have few disadvantages, for example, during operation, there is the issue of
overheating, bio-fouling, and growth of benthic algae. Other problems are cleaning
the bioreactor and the buildup of dissolved oxygen that results in the hindered
growth of microalgae. Moreover, designing these bioreactors requires time and the
costs of these bioreactors are high (Narala et al. 20
tubular, flat panel, tank, and hybrid type PBR. Each has its pros an
2018).

16). The types of PBRs are
d cons (Egbo et al.

11.5.4 Tubular PBR

These are cylindrical PBRs with high surface-area-to-volume ratios and have higher
photosynthetic efficiency due to high lighting efficiencies.

According to the orientations, PBRs are classified into horizontal tubular and
vertical tubular PBR (Egbo et al. 2018).

« Horizontal tubular PBR: These are set of loops of tubes connected parallelly
and are placed horizontally. The shape of this bioreactor is advantageous as it
offers maximum reception of sunlight when used outdoor thus facilitating pho-
tosynthetic efficiency. However, in this bioreactor, accumulation of O leads to
photobleaching that decreases photosynthetic efficiency as well as consumes

more energy.
« Vertical tubular PBR: These are comprised of vertical tubes and are provided

with external illumination. The mixing is facilitated by passing a mixture of air
and CO, into the system, and the gas bubbles reach the free surface of the culture.
Appropriate mixing can be achieved by sparging that helps in the mass transfer of
the nutrients and the cells as well as prevents sedimentation of cells. Furthermore,
sparging maintains the dark/light cycle movements in the photobioreactor. It
affects the exchange of gases (dissolved oxygen and carbon dioxide) between
the bioreactor and the atmosphere and thus prevents the building up of layers of

culture.

Del?ending on the flow pattern inside the photobioreactor, vertical tubular PBR
comprises of two types airlift and bubble column PBR (Egbo et al. 2018).

 Bubble column PBR: The structure of the bioreactor provides a high surface-
area-to-volume ratio as the height of the bioreactor is more than double its
diameter. Moreover, no additional structures are required for aeration. Also
there is the efficient release of O, and good heat and mass transfer. The mixin ’
of culture and CO, is accomplished using spargers. But on the downside, in thii
bioreactor when the gas flow rate is <0.01 m s, there is no circulati:)n flow
f?a:em due to the absence of back mixing. Further, there is the absence of internal
ight.

M
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aglcl;t:;?l:h;g;bgew_o' is Pﬂﬂitio.ljed into two parallel regions: the “riser,”
riser and the do ged region, and the “downcomer,” which has the culture. The

) wncomer are connected at the top and bottom. The bubbles
formed in the riser force the gas/liquid in the riser and downcomer to move in
up and den directions and so creating a constant recirculation of fluid in the
PBR. This fluid flow is due to the change in the average density between the riser
and the downcomer that makes the pressure gradient needed for fluid circulation.
Henc.e, this bioreactor provides high mass transfer, and proper mixing and good
acration are achieved. The algae can also be immobilized, and so the same algae
?an be utilized to obtain the biomass. But this setup is difficult to scale up due to
1ts complexity.

Flat-Panel PBR

Flat-panel PBRs comprise transparent materials for carrying the culture and are
illuminated externally by natural solar radiation or by artificial light sources, e.g.,
LEDs. It can be illuminated internally artificially. This method of cultivation system
provides high illumination due to the large surface-area-to-volume ratio and can also
be oriented to have more exposure to external light sources, e.g., solar radiation. The
use of internal artificial illumination reduces the effect of self-shading in the process
of microalgae multiplication. Mixing in modern flat-panel PBRs is done by aeration
by passing gas mixture via a perforated air tubing into the microalgal culture (Singh
and Sharma 2012).

Tank PBR

This photobioreactor can be of any shape, e.g., cuboidal, tubular, etc., and have a
high volume-to-surface-area ratio. This ratio enhances the light attenuation while
using this PBR for the production of microalgae outdoor and when using an external
light source. In the case of internal illumination, this photobioreactor is promising as
it has higher biomass output per land area (Egbo et al. 2018).

Hybrid PBR

A hybrid photobioreactor is a single photobioreactor that is made from a combina-
tion of two or more photobioreactor types. Since different photobioreactors have
different challenges, a hybrid photobioreactor exploits the specific advantages of the
component photobioreactors (Singh and Sharma 2012). Table 11.1 depicts the
different hybrid PBRs.

11.6 Biogas from Algae

Even though liquid biofuels are mainly used for transportation, biogas, gaseous fuel
is also applied as fuel in vehicles. Compared to fossil fuels and biomass solid fuels,
biogas obtained through anaerobic digestion is an eco-friendly, renewable, and
versatile fuel that reduces the greenhouse gas (GHG) emission thus producing less
quantity of particulate matter and nitrous oxides. Biogas also has the advantage of
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Table 11.1 Hybrid PBRs with advantages
Hybrid-type photobioreactor {Advantagee - Refe
. olc . s rences
acto%:a\t:z?:}‘, cr)f airlift tubular biore- | Production of high microalgal biomass Adesanya et al.
oo v aceway ponds and elimination of contamination (2014)
. afeﬂg:;tlon of hybrid anaerobic High-rate anacrobic reactor remediates | Khalekuzzaman
reactor (HABR) and wastewater and requires low mainte- et al. (2019)

photobioreactor (PBR)

Integration of airlift system and

nance while PBR for high microalgal
growth

Improveménl of gas mixture and Iigﬁhtv '

dé Jesus and

stirred tanks Maciel Filho

(2017)
Xu et al. (2020)

penetration

Inte.gration of raceway ponds and | Reinforces flash light effect and
horizontal tubular photobioreactor | enhances microalgal biomass yield
Integration of open thin-layer cas- | Generation of high-density microalgal | Tan et al.
cades (TLC) system with a semi- | culture (2020))
closed setup

reducing de-vegetation and deforestation usually practiced to collect fuel sources. In
agricultural operations, the digestate and residual solids derived from the anaerobic
digestion act as good fertilizers improving the soil structure. The utilization of
digestate also helps significantly in reducing the usage of chemical fertilizers
(Wiley et al. 2011).

Organic residues from agriculture, sewage sludge, and industrial by-products are
widely used to produce biogas through anaerobic digestion. In recent days along
with these organic residues, whole biomass or lipid extracted microalgae and
macroalgae are also employed in biogas production. The process of anaerobic
digestion generally consists of four steps: hydrolysis, acidogenesis, acetogenesis,
and methanogenesis, which leads to the production of biogas which could be used to
generate electricity in combined heat and power plants. The first step consists of
hydrolyzing complex biomolecules such as lipids, carbohydrates, and proteins to
fatty acids and alcohol, sugars, and amino acids, respectively. In the second step,
these simple organic molecules undergo acidogenesis to produce methanol, CO,, H,,
and short-chain organic acids such as formic and acetic acid. Acetate is produced in
the third step by the process of acetogenesis. In the final step, methanogens produce
methane from acetate under strictly anaerobic conditions. The biogas majorly
consists of methane and carbon dioxide along with trace amounts of hydrogen
sulfide, ammonia, and water vapor (Uggetti et al. 2017).

Algal biomass employed in the generation of biogas has various benefits such as
utilizing less energy, requiring low energy for operation, providing nutrient
recycling, lesser sludge production, and the highest utilization of algal biomass.
The algal residues obtained after the production of biofuels, viz. biodiesel,
bioethanol, and hydrogen generation, could be employed for biomethanation
(Saratale et al. 2018). The minerals present in the algae fulfill the nutrient require-
ments of the anaerobic microorganisms and stimulates methanogenesis. But the
composition of biomolecules such as lipids, proteins, and carbohydrates present in
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algae significantly affects the process of algae digestion, and the composition of
these biomolecules varies with algal species and growth conditions (Sialve et al.
2009).

Microalgae are the unicellular organisms with a cell wall that typically consists of
hemicellulose and cellulose, and both of these macromolecules are of low biode-
gradability. Majorly studied microalgae for anaerobic digestion are Chlorella
sorokiniana, Spirulina maxima, Spirulina dunaliella, Scenedesmus obliquus,
Dunaliella salina, Chlorella vulgaris, Euglena gracilis, Dunaliella tertiolecta, and
Nannochloropsis oculata. Macroalgae are having a similar structure to terrestrial
plants with high cellulose and hemicellulose content. Some of the macroalgal
species reported in biogas production are Laminaria digitata, Saccharina altissimo,
Laminaria hyperborean, Laminaria saccharina, Ascophyllum nodosum, and
Macrocystis pyrifera. They are highly crystalline and have the difficulty to undergo
biodegradation during anaerobic digestion. In anaerobic digestion, the major rate-
limiting step is the first step, i.e., hydrolysis of macromolecules present in algae, and
reduces the methane productivity (Saratale et al. 2018). To address these challenges,
pretreatment of algae is important to enhance the bioavailability of organic content
for microbial hydrolysis; during anaerobic digestion, this reduces the hydraulic
retention time and improves the formation of biogas. There are various pretreatment
techniques with varying efficiencies which were reported in the literature, and they
are mainly classified as physical, chemical, thermal, and biological methods
(Montingelli et al. 2015).

Another important requirement in the biogas production through anaerobic
digestion of algae is the reactor or digester, and these reactors are similar to the
reactors used for other biomass materials. A model reactor must be protected from
chemicals, UV light, and corrosive agents, and also it should avoid water and gas
leaks. Proper insulation is necessary to maintain consistent biogas production during
unfavorable environmental conditions. Reactors used differ in their size, design,
materials of construction, mode of operation, reaction temperature, and total solid
load. The fixed-dome reactor, floating-drum reactor, plastic biogas reactor, textile
bioreactor, etc. are the generally used reactor configurations (Zabed et al. 2020).
Major parameters that influence the biogas production through anaerobic digestion
of algae are as follows (Jankowska et al. 2017).

Temperature The efficiency of methane production is significantly influenced by
the temperature of the digester. An increase in temperature increases methane
production as the temperature has a synergetic effect on the rate of metabolism of
microorganisms involved in anaerobic digestion. As most of the algae grow in
mesophilic temperature, high temperature also inhibits photosynthesis in

microalgae.

Organic Loading Rate (OLR) and Hydraulic Retention Time (HTR) Methane
yield enhances with an increase in the organic content of the microalgae, and long
hydraulic retention time also favors this process. In general, the HTR varies between
30 and 50 days. The OLR and HTR can be maintained at the optimum levels based
on the type of algae and their composition. C/N ratio: The carbon-to-nitrogen ratio
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plays an important role in anacrobic digestion, and generally it is ranged between
20 and 30. When the C/N is less than 20, excess ammonia will be released, and the
accumulation of high ammonia content increases the pH which leads to toxicity
towards methanogenic organisms. To avoid the inhibition of ammonia generally, the
C/N ratio is increased by co-digesting algae with substrates such as sludge, food
waste, oil greases, etc. (Saratale et al. 2018). In the case of a C/N ratio higher than
30, insufficient nitrogen content reduces the methane content because of the rapid
consumption of nitrogen by methanogens to meet the protein demand for their
growth.

PH and Alkalinity pH plays a crucial role in microbial activity during anaerobic
digestion, and an optimum pH of 6.6-7.2 is required for the growth of microorgan-
isms involved in methane production. The negative effects of pH beyond this range
lead to the increased sulfide and ammonia toxicity in the digester. The high salt
concentration generally in marine algae shows significant inhibition by causing
dehydration of bacteria involved in anaerobic digestion leading to reduced growth
and methane production. Imbalance in the alkalinity also results in the carbonate-
bicarbonate equilibrium or the ammonia generation because of hydrolysis of protein.

11.7 Microalgal Fuel Cell

The remediation of wastewater and at the same time generation of bioelectricity has
gained a lot of attention. Microalgal fuel cell employs sustainable microalgae for
Wwastewater treatment and also a solution for desalination and carbon sequestration.
These microalgae can use the different wastewater, viz., domestic, municipal,
industrial, and agricultural wastewater, and absorb the nutrients and other toxic
metals and render it useful for other purposes (Jaiswal et al. 2020).

Microbial fuel cells (MFCs) are biological and electrochemical systems that
generate electricity by biocatalytic reactions in the presence of electrically active
microorganisms. A typical MFC comprises of two compartments, i.e., an anodic
chamber and a cathodic chamber separated by an ion exchange membrane. The
respiring microbes at the anode oxidize the organic matter in the wastewater and
produce mobile electrons that are transferred to the anode extracellularly. The
electrons from the microbe can be transferred directly without mediators through
the gradient occurring on the surface of microbes or carried with the aid of media-
tors. The electron flows to the cathodic terminal from the anodic terminal via the
external circuit thereby completing the circuit that results in the generation of
electricity. At the same time, protons that are also generated move through the ion
exchange membrane and reach the cathodic chamber, where water is generated by
the reduction of oxygen by the electrons. The oxygen is introduced at the cathode
either by pumping (dual-chamber MFCs) or through direct contact of the cathode
with air (single-chamber MFCs). The concentration of dissolved oxygen (DO) is
important for the proper functioning of MFCs. Thus, microalgal MFCs are the
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Table 11.2 Different waslewmr treatments by .|lgac dn(l y.ncr.m()n of electricity

Type of wastewater Blocémlyst used | References

Dairy wastewater Shewanella algac (MTCC-10608) | Choudhury et al. (2021)
Mur}_lflp"ll Wastewater Chlorclla bno;rl(ls; - . Ma et al. (2017)

Fruit juice industry wastewater Chlorcllurvulgaris | Gonzalez et al. (2013_)_
Swine wastewater Chlorella vulgaris Li et al. (2021)
Effluent from kitchen waste Golenkinia sp. Hou et al. (2017)

cleanest form of energy generator where the by-product is only water. Further, these
microalgae effectively remove chemical oxygen demand (COD), nitrogen, and also
phosphorus (Arun et al. 2020). Table 11.2 depicts the different wastewater remedi-
ations by algae and also the production of electricity.

11.8 Economic and Environmental Aspects of Algal
Biofuels

Commercial vehicles have combustion engines that function only on liquid fuels.
Hence, changing to other substitute transport such as electric vehicles involves
technological and monetary costs for the consumers. Hence moving to electric
vehicles is not an economical substitute in the case of transportation. Moreover,
there are liquid biofuels that are obtained from organic plant biomass that are a better
substitute for petrol and diesel and also require minimum modification in the engine
to run them. The biofuels of bio petrol/ethanol and biodiesel are derived from
carbohydrates (sugars) and lipids (fats), respectively. These biofuels are renewable
sources and also reduce net carbon emissions and have other socioeconomic incen-
tives (Escobar et al. 2009). Biofuels account for the net decrease in greenhouse gas
{GHG) emissions up to 90% in comparison to fossil fuels. However, excessive
deforestation paves way for an increase in GHG emissions. Further, an increase in
the global population leads to the limited availability of arable lands, also, to add to
the excess water requirement for the production of these biofuels. So, conventional
biofuels are unsustainable. Thus, algal biofuels are a lucrative alternative to solve
this issue. The energy content of the bioethanol from macroalgae is 64% of the
energy content of the biodiesel from microalgae. Hence, biodiesel has greater
potential to become an alternative to fossil fuels.

In terms of financial viability, first- and second-generation biofuels rely on
subsidies for commercial viability. For the time being, microalgal biodiesel is not
competitive with fossil fuels. Due to their compact energy properties, these biofuels
could be a good option as aviation fuels, and further researches are being conducted
at a pilot level to scale up the production of biofuels for the aviation industry.
Further, there is a scope for improvement in the method of cultivation, processing
the algal biomass with the focus on dropping the capital costs by lowering cost in
machinery particularly those that are designed for microalgae processing. Moreover,
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a significant decrease in costs can also be realized if CO,, nutrients, and water are
obtained at lower costs, or there is the prospect of recycling these raw materials
within the production itself. Additionally, from algae, useful products can be
obtained such as animal feed. Since lipid content in microalgae is around 30-50%
(Yoo et al. 2015). Similarly, the carbohydrate content in the macroalgae is around
50-60% (Kraan 2013). The rest of the biomass can be utilized as a biofertilizer.

In terms of energy requirement, algae have significant energy requirements from
the point of view of machinery and capital when compared to terrestrial plants. This
leads to a net low energy return that is unsustainable. Further, comparing the open
pond and PBR, the latter is more energy intensive as it incurs higher energy costs for
cultivation.

In terms of net carbon benefits, commercial production of microalgae has positive
net carbon emissions as this is achieved in a controlled environment when compared
to the terrestrial planets. In addition to this, microalgal processing machinery
requires electricity derived from fossil fuels. Thus, it counters the GHG capture
profits.

In terms of nitrogen removal, cultivating microalgae in wastewaters rich in
nitrates is profitable as microalgae require nitrogen for their growth. However,
excess nitrogen can hamper the production of lipid in microalgae as lipid yield in
microalgae increases in nitrogen starvation conditions.

In terms of socioeconomic paybacks, microalgal fuels provide lots of opportuni-
ties such as economic benefits to the urban and rural setup. Since conventional fossil
fuels are finite, the microalgal biofuel industry seems to be a boon that can generate
employment for people with different skill sets as it is usually required in the case of
the conventional fossil fuel-based industry (Doshi et al. 2016).

References

Adesanya VO, CadenaE, Scott SA, Smith AG (2014) Life cycle assessment on microalgal biodiesel

production using a hybrid cultivation system. Bioresour Technol 163:343-355. https:/doi.org/
10.1016/j.biortech.2014.04.051

Arun S, Sinharoy A, Pakshirajan K, Lens PNL (2020) Algae-based microbial fuel cells for
Wastewater treatment and recovery of value-added products. Renew Sust Energ Rev 132:
110041. https:/doi.org/10.1016/j.rser.2020.110041

Balan V (2014) Current challenges in commercially producing biofuels from lignocellulosic
biomass. ISRN Biotechnol 2014:463074. https://doi.org/10.1155/2014/463074
Borowitzka MA, Moheimani NR (2013) Open pond culture systems. In: Borowitzka MA,

Moheimani NR (eds) Algae for biofuels and energy. Springer, Netherlands, pp 133-152.
https://doi.org/10.1007/978-94-007-5479-9_8

Busi¢ A, Mardetko N, Kundas S, Morzak G, Belskaya H, Ivan&i¢ Santek M, Komes D, Novak S,
Santek B (2018) Bioethanol production from renewable raw materials and its separation and

purification: A review. Food Technol Biotechnol 56(3):289-311. https://doi.org/10.17l 13/ftb.
56.03.18.5546

Choudhury P, Ray RN, Bandyopadhyay TK, Basak B, Muthuraj M, Bhunia B (2021) Process
engineering for stable power recovery from dairy wastewater using a microbial fuel cell. Int J
Hydrog Energy 46(4):3171-3182. https://doi.org/10.1 016/j.ijhydene.2020.06.152



I Biofuels from Algae 199

Das D (2015) Perspectives on algal engineering for enhanced biofuel production. Algal biorefinery:
an integrated approach. In: Algal biorefinery: an integrated approach. Springer, New York, pp
13-101. hups://www‘springcr.mm/gp/h(mkI()7R33I‘)228I2‘)

de Jesus SS, Maciel Filho R (2017) Potential of algal biofuel production in a hybrid
photobioreactor, Chem Eng Sci 171:282-292. https://doi.org/10.1016/.ces.2017.05.041

Doshi A, Pascoe 8, Coglan L, Raincy TJ (2016) Economic and policy issues in the production of
algae-based biofuels: a review. Renew Sust Energ Rev 64:329-337, https://doi.org/10.1016/).
15er.2016.06.027

Egbo MK, Okoani AO, Okoh IE (2018) Photobioreactors for microalgae cultivation — An Overview
9(11): 10

Escobar JC, Lora ES, Venturini 0J, Yéiiez EE, Castillo EF, Almazan O (2009) Biofuels: environ-
ment, technology, and food security. Renew Sust Energ Rev 13(6):1275-1287. https://doi.org/
10.1016/).rser.2008.08.014

Gonzilez AC, Caiiizares P, Rodrigo MA, Fernandez FJ, Lobato J (2013) Microbial fuel cell with an
algae-assisted cathode: a preliminary assessment. J Power Sources 242:638—645. https://doi.
0rg/10.1016/j.jpowsour.2013.05.110

Hou Q, Cheng J, Nie C, Pei H, Jiang L, Zhang L, Yang Z (2017) Features of Golenkinia sp. and
microbial fuel cells used for the treatment of anacrobically digested effluent from kitchen waste
at different dilutions. Bioresour Technol 240:130-136, https://doi.org/10.1016/j.biortech.2017.
02.092

Jaiswal KK, Kumar V, Vlaskin MS, Sharma N, Rautela I, Nanda M, Arora N, Singh A, Chauhan
PK (2020) Microalgae fuel cell for wastewater treatment: recent advances and challenges. J
Water Process Eng 38:101549. https://doi.org/10.1016/j.jwpe.2020.101549

Jankowska E, Sahu AK, Oleskowicz-Popiel P (2017) Biogas from microalgae: review on

microalgae’s cultivation, harvesting and pretreatment for anaerobic digestion. Renew Sust
Energ Rev 75:692-709. https://doi.org/10.1016/j.rser.2016.11.045

Jemey J, Spilling K (2020) Large scale cultivation of microalgae: open and closed systems. In:
Spilling K (ed) Biofuels from algae: methods and protocols. Springer, pp 1-8. https ://doi.org/10.
1007/7651_2018_130

Khalekuzzaman M, Alamgir M, Islam MB, Hasan M (2019) A simplistic approach of algal biofuels
production from wastewater using a hybrid anaerobic baffled reactor and Photobioreactor
(HABR-PBR) system. PLoS One 14(12):¢0225458. https://doi.org/lO.l37l/joumal.pone.
0225458

Koh LP, Ghazoul J (2008) Biofuels, biodiversity, and people: understanding the conflicts and
finding opportunities. Biol Conserv 141(10):2450-2460. https://doi.org/10.1016/j.biocon.2008.
08.005

Koller M, Salerno A, Tuffner P, Koinigg M, Béchzelt H, Schober S, Pieber S, Schnitzer H,
Mittelbach M, Braunegg G (2012) Characteristics and potential of micro algal cultivation
strategies: A review. J Clean Prod 37:377-388. https://doi.org/lO.1016/j.jclepro.2012.07.044

Kraan S (2013) Mass-cultivation of carbohydrate rich macroalgae, a possible solution for sustain-

able biofuel production. Mitig Adapt Strateg Glob Chang 18( 1):27-46. https://doi.org/10.1007/
$11027-010-9275-5

Kumar K, Dasgupta CN, Nayak B, Lindblad P, Das D (2011) Development of suitable

photobioreactors for CO2 sequestration addressing global warming using green algae and

cyanobacteria. Bioresour Technol 102(8):4945-4953. https://doi.org/ 10.1016/j.biortech.2011.
01.054

Li M, Zhou M, Tian X, Tan C, Gu T (2021) Enhanced bioenergy recovery and nutrient removal

from swine wastewater using an airlift-type photosynthetic microbial fuel cell. Energy 120422.
https://doi.org/10.1016/j.energy.2021.120422

MaJ, Wang Z, Zhang J, Waite TD, Wu Z (2017) Cost-effective chlorella biomass production from

dilute wastewater using a novel photosynthetic microbial fuel cell (PMFC). Water Res 108:356-
364. https://doi.org/10.1016/j. watres.2016.11.016



200 A. U. Kumar et al.

Maia JL, Cardoso JS, Mastrantonio DJS, Bierhals CK, Moreira JB, Costa JAV, Morais MG (2020)
Microalgae starch: A promising raw material for the bioethanol production. Int J Biol Macromol
165:2739-2749. https://doi.org/10.1016/j.ijbiomac.2020.10.159

Mata TM, Martins AA, Caetano N, S. (2010) Microalgae for biodiesel production and other
applications: A review. Renew Sust Energ Rev 14(1):217-232. https://doi.org/10.1016/j.rser.
2009.07.020

Mondal M, Goswami S, Ghosh A, Oinam G, Tiwari ON, Das P, Gayen K, Mandal MK, Halder GN
(2017) Production of biodiesel from microalgae through biological carbon capture: A review.
Biotech 7(2):99. https://doi.org/10.1007/s13205-017-0727-4

Montingelli ME, Tedesco S, Olabi AG (2015) Biogas production from algal biomass: A review.
Renew Sust Energ Rev 43:961-972. https:/doi.org/10.1016/j.rser.2014.11.052

Narala RR, Garg S, Sharma KK, Thomas-Hall SR, Deme M, Li Y, Schenk PM (2016) Comparison
of microalgae cultivation in Photobioreactor, open raceway pond, and a two-stage hybrid
system. Front Energy Res 4. https://doi.org/10.3389/fenrg.2016.00029

Noraini MY, Ong HC, Badrul MJ, Chong WT (2014) A review on potential enzymatic reaction for
biofuel production from algae. Renew Sust Energ Rev 39:24-34. https://doi.org/10.1016/j.rser.
2014.07.089

Ozgimen D, Inan B (2015) An overview of bioethanol production from algae. In Biofuels-Status
and Perspective. IntechOpen. https://www.intechopen.com/books/biofuels-status-and-perspec
tive/an-overview-of-bioethanol-production-from-algae

Park JBK, Craggs RJ, Shilton AN (2011) Wastewater treatment high rate algal ponds for biofuel
production. Bioresour Technol 102(1):35-42. https://doi.org/10.1016/j.biortech.2010.06.158

Ramachandra TV, Hebbale D (2020) Bioethanol from macroalgae: prospects and challenges.
Renew Sust Energ Rev 117:109479. https://doi.org/10.1016/j.rser.2019.109479

Ranjith Kumar R, Hanumantha Rao P, Arumugam M (2015) Lipid extraction methods from
microalgae: a comprehensive review. Front Energy Res 2. https://doi.org/10.3389/fenrg.2014.
00061

Saratale RG, Kumar G, Banu R, Xia A, Periyasamy S, Saratale GD (2018) A critical review on
anaerobic digestion of microalgae and macroalgae and co-digestion of biomass for enhanced
methane generation. Bioresour Technol 262:319-332. https://doi.org/10.1016/j.biortech.2018.
03.030

Shalaby EA (2013) Biofuel: sources, extraction and determination. Liquid, Gaseous and Solid
Biofuels — Conversion Techniques. https://doi.org/10.5772/51943

Sharma PK, Saharia M, Srivstava R, Kumar S, Sahoo L (2018) Tailoring microalgae for efficient

biofuel production. Front Mar Sci 5. https://doi.org/10.3389/fmars.2018.00382
Sialve B, Bernet N, Bernard O (2009) Anaerobic digestion of microalgae as a necessary step to
make microalgal biodiesel sustainable. Biotechnol Adv 27(4):409-416. https://doi.org/10.1016/
j-biotechadv.2009.03.001

Singh RN, Sharma S (2012) Development of suitable photobioreactor for algae production — A
review. Renew Sust Energ Rev 16(4):2347-2353. https://doi.org/10.1016/j.rser.2012.01.026

Singh SP, Singh D (2010) Biodiesel production through the use of different sources and character-
ization of oils and their esters as the substitute of diesel: A review. Renew Sust Energ Rev 14(1):
200-216. https://doi.org/10.1016/j.rser.2009.07.017

Srivastava N, Srivastava M, Mishra PK (2020) In: Gupta VK (ed) Biofuel production technologies:
critical analysis for sustainability, Springer, Singapore. https://doi.org/10.1007/978-981-13-
8637-4

Tan CH, Tan X, Ho S-H, Lam SS, Show PL, Nguyen THP (2020) Conceptual design of a hybrid
thin layer cascade photobioreactor for microalgal biodiesel synthesis. Int J Energy Res 44(12):
9757-9771. https://doi.org/10.1002/er.5699

Uggetti E, Passos F, Solé M, Garfi M, Ferrer I (2017) Recent achievements in the production of
biogas from microalgae. Waste Biomass Valorization 8(1):129-139. https://doi.org/10.1007/
$12649-016-9604-3



-

11 Biofuels from Algae 2

Verma D, Fortunati E, Jain S, Zhang X (2019) Biomass, biopolymer-based materials, and
bioenergy: construction, biomedical, and other industrial applications. https://purcportal.strath.
ac.uk/en/publicutjons/biomass-biopolymcr-bascd-materials-and-bioenergy-construction-bio

Vohra M, Manwar J, Manmode R, Padgilwar S, Patil § (2014) Bioethanol production: feedstock
and current technologies. J Environ Chem Eng 2(1):573-584. https://doi.org/ 10.1016/j.jece.
2013.10.013

Wiley PE, Campbell JE, McKuin B (2011) Production of biodiesel and biogas from algae: A review
of process train options. Water Environ Res 83(4):326-338

Xu J, Cheng J, Xin K, Xu J, Yang W (2020) Strengthening flash light effect with a pond-tubular
hybrid photobioreactor to improve microalgal biomass yield. Bioresour Technol 318:124079.
https://doi.org/10.1016/j.biortech.2020.124079

Yoo G, Park MS, Yang J-W, Choi M (2015) Lipid content in microalgae determines the quality of
biocrude and energy return on investment of hydrothermal liquefaction. Appl Energy 156:354—
361. https://doi.org/10.1016/j.apenergy.2015.07.020

Zabed HM, Akter S, Yun J, Zhang G, Zhang Y, Qi X (2020) Biogas from microalgae: technologies,

challenges and opportunities. Renew Sust Energ Rev 117:109503. https://doi.org/10.1016/).
rser.2019.109503




— 517123, 7:
3, 7:13 AM Recent Advances in Food Biotechnology | SpringerLink

Ajay Kumar
Kiran Patruni
Vijai Singh Editors

@ Springer




5117123, 7:18 AM Recent Advances in Food Biotechnology | SpringerLink

He has more than 9 years of research and teaching
experience in synthetic biology, metabolic
engineering, microbiology, and industrial
microbiology. He has published 76 articles, 40
chapters, 11 books and 2 patents. He serves as an
associate editor, editorial board member and
reviewer of a number of peer-reviewed journals. He is
also a member of the Board of Study and Academic
Council of Indrashil University and is the Member
Secretary of Institutional Biosafety Committee (IBSC)
in the same University.

Back to top ¢

Bibliographic Information

Book Title Editors Dol
Recent Ajay Kumar, https://doi.org/
Advances in Kiran Patruni, 10.1007/978-
Food Vijai Singh 981-16-8125-7
Biotechnology
Publisher eBook Copyright
Springer Packages Information
Singapore Biomedical and The Editor(s) (if
() Life Sciences,  applicable) and
Biomedical and The Author(s),
Life Sciences under exclusive
(RO) license to
Springer Nature
Singapore Pte
Ltd. 2022

Hardcover Softcover ISBN eBook ISBN

ISBN 978-981-16- 978-981-16-
978-981-16- 8127-1 8125-7
8124-0 Due: 09 July Published: 24
Published: 25 2023 June 2022
June 2022

Edition Number of Number of
Number Pages lllustrations

httne/Nlink enrinner ram/hnnk/10 1NN7/Q7R-0R1-1R-R125.7



/ P7(23:7:15 81 Recent Advances in Food Biotechnology | SpringerLink

1 XVI, 500 1b/w
illustrations

Topics

Food

Micrabiology,

Food Science,

Food Security,

Biotechnology.

Back to top 4

Not logged in - 122.177.98.193

Not affiliated
SPRINGERNATURE

© 2023 Springer Nature Switzerland AG. Part of Springer Nature.

-



ST —
B - R e e SRR
7123, T:16 AM

4 Control of Foodbomne Pathogens Using Nanotechnology | SpringerLink

@_ Springer Link search Q | Llogin

o e
orte o
e (o

Recent
Advances

in Food Recent Advances in Food Biotechnology pp 465-481

Biotechnology

Home > Recent Advances in Food Biotechnology > Chapter

Control of Foodborne Pathogens
Using Nanotechnology

Pankaj Kumar Tyagi, Shruti Tyagi, Vivek Srivastava, Deepak
Gola, Arvind Arya & Nitin Chauhan

Chapter | First Online: 25 June 2022

623 Accesses

Abstract

Nanotechnology applications are evident in all the
major scientific fields including food processing and
(® antimicrobial potential. Nanoscale compounds are

being researched and used in the control of
foodborne pathogens and increase the shelf life of
food products. At the same time, the
nanotechnology has showed the path toward the
development of sensors for the monitoring of
foodborne pathogens, biodegradable nanofilms
and covering protect food products from
pathogens. Further, the advancement in the field of

food nanotechnology led to the development of

novel food packaging applications. Contributions of

httna:/link enrinner camichantar/1N 1NN7/97R-081-1R-R196-7 99



_‘;j{ém Control of Foodbome Pathogens Using Nanotechnology | SpringerLink
“nanotechnologist in controlling foodborne
pathogens and for both types of nanocomposites
in the packaging, viz,, biodegradable (polylactides,
starch, protein, etc.) and non-biodegradable

polymers, are addressed in this chapter.

Keywords

Foodborne pathogens  Toxin

Nanotechnology

Carbon nanotube-based sensor
A Antimicrobial food packaging

Synergetic antimicrobial nano-formulations

This is a preview of subscription content, access via
your institution.

v Chapter EUR 29.95
Price includes VAT (India) ’

P> s DOI: 10.1007/978-981-16-8125-7_22
OY e Chapter length: 17 pages
¢ Instant PDF download
¢ Readable on all devices
s Own it forever
¢ Exclusive offer for individuals only

o Tax calculation will be finalised during checkout

Buy Chapter

| v eBook EUR 128.39
Price includes VAT (India)

e |SBN:978-981-16-8125-7
e [nstant EPUB and PDF download

e Readable on all devices

hitne/Mink enrinaer rnm/chanter/40 10N7/078-9R1-1R-R125-7 22

2124

113



' —0/17123, 6:51 . . .
o Removal Process of a Metal-Dye Mixture Using Beauveria bassiana | SpringerLink

@_ Springer Link Search Q B Log.in

—

—
0\
Home > Water Conservation Science and Engineer... » Article [y

Original Paper | Published: 19 October 2022
Removal Process of a Metal-Dye
Mixture Using Beauveria bassiana

Deepak Gola &, pankaj Kumar Tyagi &, Meenu Singh,
Anushree Malik, Nitin Chauhan & Yamini Agarwal

Water Conservation Science and Engineering 7, 613-621
(2022)

63 Accesses | Metrics

Abstract

Metals and dyes are the general concomitant
pollutants of wastewater. In the present study, the
cadmium and reactive orange uptake capacity of
Beauveria bassiana were evaluated. It was
observed that at 30 mgL™ of cadmium
oconcentration, up to 63% removal of cadmium was
attained. As the concentration of cadmium
increases from 30 to 100 mg L™, the removal
percentage of cadmium decreases from 63 to 21%.
Further, almost 100% removal was observed for
reactive orange at 200 mgL™". However, a decrease
in dye removal from 92 to 82% was noticed at 400
and 500 mgL ™" concentration of dye, respectively.

When both metal and dye were present

simultaneously, the removal efficacy of B. bassiana

was decreased. At 20 mgL™ (metal to dye—1:1),
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Indian Writing in English is not very old. It has a most recent history
being only a hundred and fifty years old. For almost a thousand years, India
remained a slave nation. The Mughals and the British ruled for almo§t a
thousand years over India. Historically Indian literature can be divided upto
a few stages such as Indo-Anglian, Indo-English, Indian Writing in English
and recent Indian English Writings. Diverse cultures, races, religions,
languages, freedom struggles, etc. are reflected in Indian writings. Similarty,
indian authors and writings have many categories and followers.

There are some authors whose mother tongue is one of the languages
of India. According to K. R. S. lyengar, there are three types of Indian writers
in india, “First, those who have acquired their entire education in English
schools and universities. Second, Indians who have settled abroad, but are
constantly in touch with the changing surroundings and traditions of their
country of adoption. And finally, Indians who have acquired English as a
second language” (qtd. in Hossain n. pag.). This made a large number of
indian creative writers present the true picture of India to western learners
and readers through their writing.

Nationalism was the subject of many of Raja Rao's novels. When Raja
Rao was writing Kanthapura, he saw people of Kanthapura participating
in the freedom struggie for India with great enthusiasm and passion. At
the time, the freedom struggle was at the peak and all accepted Gandhi
as their unquestionable leader. So Kanthapura was deeply influenced
by the teachings of Mahatma Gandhi. However, Raja Rao was aimost
grapped by the popular narrative of the struggle and Gandhian ideology. It
's a chronicle of a nationwide struggle through the viewing of a Karnataka
Citizen. Critics believe that Raja Rao's Kanthapura is the first major novel in
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} :;Leul;me Poverty for usual victorsgonly nd my manifesto,
‘ poverty-poverty for dead and d ‘
) efeated .
A defeated man's thoughts of schools, e perons

A defeated man enjoyi '
‘ ying freebies and never-endin
Blooms with life itself, cannot have, rest

Now I know the masses and the leaders;

And these 1 observe these begging eyes,

Those fables of mystic voyages are all meaningless.
Villas equipped with an immoral wealth

Sailing to the bottomless dark seas

Marching on the soul's cruise.

Lots of aimless boys and girls, hérding in schools and colleges
Learning erroneous education, bunking classes.

Missionaries and Maulanas making fast bucks.

And you India creating a fake Utopia ;

Crying the real reckoning for her lot,

The shadows of your future, evil and evil.

Flow, Flow the finest wind of Democracy,

Value thy beauty, 'tis not the freebies onlx

The Duty and sacrifice are also amassing in thee.
Thou embrace freeloaders alone,

Not of suckers contingent alone,
Nation floats on morals and chardeter.

A nation is built by merit and honesty;

With her Time tours with pride
With all her ancient scriptures, martyrs, heroes.

Fought wars, thou bearest the many Crowns
The message of love and cOMPASHO, _
Seers bless her with divine hands and sparkling eyes.

O countrymen, thou carries pr@sstly pation sails with thee
And great sagely India sails with thee
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ApvarTa Kavra’s ALMOST SINGLE:
AND VOICES

A StUDY OF CHOICES

DR SAROJ BALA

+_______—-—-—'

eginning. Any one

Feminism has been in a state of flux from the b s
s in view of soclo-

definition cannot define this term. As the society changé
cultural transformation, feminist issues also change. The issues that touch
the lives of women ata particular time become centraltothe feminist struggle.
Inequality based on gender has been problematised and opposed in many
ways by women. These inequalities are reflected in almost all aspects of
life of a woman — birth, education, marriage, birth-control, protection, etc.
The bases of these lie in the social structures and traditions controlled by
patriarchy. Life and work of a woman are defined not by herself but by the
male members of her family. Her existence is supposed t0 revolve around
other members of the family, to cater to their needs whereas man, being
the primary, is the provider. This extends his control over other members
of the family, especially women and children as natural. The struggle of
women has been to break these social restrictions and find the avenues of
their own growth. Initially, starting with the opposition of social restrictions in
education, career choices, their roles within the institution of marriage, the
feminist struggle and resistance against oppressive forces has assumed
a different and unique direction in the present times. Negotiating her role
within and outside family, claiming her share of public spaces, socio-political
roles — the feminist idea is exploring once tabooed areas like sexuality,
preferences, making unconventional career choices, having her say in
matrimonial alliance, breaking the acceptable female body stereotypes.
Advaita Kala in Almost Single negotiates all these social stereotypes
associated with women and provides an alternative way of life for women.

A detailed reading of the book implies affirmation of the changed choices
hese. Let us try 10

whereas apparently there seems to be an opposition tot '
understand how the women characters chart out a different set of choices
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able alternati
under socjg| and cultt? by
US understand th iy

» Whil : _

COnstricr::thmg-t-the designated role as women

be e Various . A critical reading of the novel helps

W tWeen. the traditiona) s reasons to feel and do so. It draws a parallel
omen in the present timOC'O'CUIturaI norms and the changed stance Of

and otherwise. es regarding their views on choices in marriage

Almost Singlei
lei .
gleis setaround upper middle class educated peoplein urban

settings where marri .
aim of life. Settﬂagrrézge 9" e"9|b|_e daughters seems to be the all-important
all kinds of securi wn in marriage is considered to be the password for
for matches, Kala )é t?nd status — social, financial, physical. While looking
what kind of’life e ows how her characters perceive a marital bond and
debate between tr¥ aspire for themselves in that alliance. Thereis constgnt
disc e gender based socio-cultural norms and alternative

ourse about this. The parents of the three friends, namely Aisha
Anushka and Misha are b i i | ’
reminding thei re busy ﬁ.ang suitable grooms for the.m. They keep
the a g their daughters that it is important to settle down in marriage at

ppropriate age. Each marriage around her keeps mounting the social

pressure on them to follow the tradition. Aisha comments, “Misha’s oné and
only ambition is to net the perfect NRI...It is in this pUrsuit that she moved !
from Bhatinda to New Delhi” (5). Also, when her mother breaks the News
of Deepak, her neighbour, getting married, Aisha comments, “Every aunty
worth her salt and with an eligible daughter in tow has been eyeing him
since puberty....” (12). It reminds us of the pursuit of Mrs Bennet to find
rich and handsome boys for her daughters in Pride and Prejudice. When
Aisha asks if he still looks the same as earlier about his 100KS, her mother
answers, “Beta, when it comes to boys like that, who looks at the face....
Money does conquer all” (12). But at the same time a woman has to fit into
a physical frame as desired by prospective grooms. Awoman has to fit into
socially acceptable physical parameters like complexion, height, etc. But
Aisha pushes these boundaries. Through her, the writer presents views
on the institution of marriage and its purpose. Is it to look for a compatible,
mutually respecting relationship beyond measured ‘give and take’ or just
follow the traditional role set for women by the patriarchal hegemony? Is it
OKay to accept the subjugation or do we have other options that present
us with a more dignified way of life? Women in the novel explore these
options. The writer presents insight into the thought process of women
regarding the institution of marriage and brings out many perspectives on
the same. Let us try to understand the changing dynamics of relationships
in marriage and outside it.

It is interesting to note that a reverse reading of the novel — reading
against the grain — shows that women in marital bonds actually long for the

L

e

e -
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standing in the sun in all his morning glory. The flash ﬁf wt:gz was+ ::: ::V:n?sl
he discarded while staring out into the garden, 'star na |:r‘1'eetin i
space and | am the intruder” (28). Later, tpere is a_chance el ?esem
Karan, who accompanied Anuj to club ‘Tao’ where Aisha V\;as a 'thpAisha
with her friends Ric and Nic. When Ka(an comes face to ac;mgz) Aisha;
he comments, “Must you insist on stripping me wnh'y'oureyes. ( )- o
denies this vehemently and was thinking (_)f a_pologlsmg but heka%am yin’
“Actually, | love being objectified. And thlnk,l'ng of all the chri e wayesars
which you want to have your way with me...” (53). Though, t gre;_pp ars
to be a female gaze but it is Karan who actu.a||y seems to er_uo‘il I% °
episode brings up a question, as has been raised by Eva-Maria acof s:?o

in her essay “A Female Gaze?" whether we could see a rever§ed definition
of the male gaze? Is there a female gaze? Though, _there rryght be many
perspectives, it is noteworthy that the areas associated with men have
been discussed overtly rather than in a veiled manner.

Thus, we see that the writer provides an alternative discourse to the
traditional socio-cultural traditions to appropriate the status of women in
marriage. Not only this, women characters make conscious choices and do
not hesitate to assert these. The consciousness about themselves as an
individual empowers them to voice their opinions about almost everything
that has an impact on them. There is complete rejection of the status of
subordination in marriage. It is to be based on mutual liking and respect
rather than on one's exterior beauty. Two different views about marriage
presented before the readers help them to weigh and find a sustainable and
viable option irrespective of all the social pressures. Marriage should not
be about just two people living under one roof where one finds accepting
everything in absence of any alternative. This alternative is presented
by women themselves by way of rejecting their stereotype images. They
emerge as thinking beings who take charge of their lives. From accepting
their appropriation by others in patriarchal hegemony to questioning the
supremacy of men over women; from rejecting the socially and traditionally
acceptable role of women to raising registering their views and choices;

women have successfully carved a niche for themselves on their own
terms
q .
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The Plants of Ramayana

Kiran Balg*

ABSTRACT

The ancient Sanskrit texts are a veritable treasure house of information
on the botany of the ancient period. They reveal the deep ties that
the ancients had with nature. Ancient Indians felt a deep sense of
identity with nature and were aware of the ecological balance found
in nature. In this context, Ramayana is the most important source
of botanical information. It contains an extensive list of plants and
their specific geographical location. The Ramayana discusses the

geographical distribution, botanical wealth and forestry. It covers the
plants and forests of the regi
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Chapter 4
Microbial Fertilizer as an Alte
to Chemical Fertilizer
Agriculture

rnative .g‘
in Modern '

Kivan Bala

Abstract The continvous decline of earth's natural resources
hafmt\tl chemical fertilizers pose a great threat (o the health of soil. Bxploitation of
microbes as biofertilizers are considered to some extent an alternative of chemical
fortilizers. Many promising species of bacteria, algae, fungi have fertilizerlike
activities and are beneficial in agricultural sector. They have extensive potentiality
in enhancing crop production, food safety and maintaining long-term soil fertility
which is essential for meeting global food demand. Microbes interact with the crop
plants and enhance their immunity, development and yield. Many essential nutrients
are required for the proper growth of crops, which is present in insoluble form.
Microbes by their action convert them in useable form. Different types of
biofertilizers and advancement in the field of microfertilizers are discussed in this
chapter. Microbial fertilizers are not only cost-effective, nontoxic and eco-friendly
but also serve a good substitute for expensive and harmful chemical fertilizers. The
aim of this chapter i to discuss microfertilizers’ important roles, pros and cons of the
techniques and their advancement,

and increased use of

eywords Biofertilizers - Sustainable agriculture - Chemical fertilizers -
me* - Lyophilization + Nancencapsulation - Biofilm microbial fertiizers -
l l I - ﬁ l‘l‘l I r

4.1 Introduction
@mmmﬁd@@mmmlsxmmﬁummm-

trially synthesized with substances composed of known quantities of nitrogen,
phosphorus, m:;:h and their exploitation causes air and groundwater pollution
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Proto Socio-Religious Outlook: Role in the Past Knowledge for
Enlightenment
Ranjan Kumar'

Abstract

Source of history carry authentic information of the pasl. There are primary sources and
secondary sources which includes artefacts, archaeological evidences, coins, and literary sources.
All these helps us to get close to past as they provide us knowledge of the past. There are regions
and traditions where history was documented very late or were kept in oral pattern for very long
rime. It is always difficulr to derive exact history from such source as it has also been criticized
for unreliability, imaginative struciure, biases, and manipulative construct. But for the knowledge
of pasi of those regions and socio-religious outlooks which were documented late, it is very
imporiant (o rely on such sources. The biggest strength of Such source is that it is being told from
word of mouth and it is carried from generation to generation. It is also considered as a unique

insight into the formation of popular consciousness.

Introduction
the West, oral traditions are gradually withering away. However, in the Indian context, there

areas where we must rely mainly on oral history. Indian civilization is a unique example

of continuity and change where the whole process of historical development with all the colours
of all the periods and ages of history are still alive. Thus, the Indian historians have different type
of oral sources (o complement and supplement or to contrast and juxtapose the written sources.
(Oral sources, if utilized in a critical manner, may embellish the concept, methodology, and scope
of history. It INCréases the possibility of history of the people and history for the people.

e, the history was basically written for the ruling or the aristocracy class which gives an
understanding of the past from above and it hardly talks about the history of the lower strata.
There is a massive need of history writing pertaining to local areas. The knowledge of the local
people is acquired through qualitative research. The indigenous knowledge is transferred from
one generation to another. The knowledge is gradually being suppressed and eliminated because
of west centric knowledge. Because of it, the indigenous knowledge 1s marginalised which will

r sometime. Similar is the situation of the knowledge of spiritual and religious
is considered as an important source to

In
are many

Sinc

even vanish afte

past. The hagiographical literature of this region
the socio-religious outlook. Beneath these literatures there were several proto socio-

religious outlooks that exercised a profound impact on people at lower level. In process to study
these proto socio-religious outlook or the covered aspiration, one must depend upon the oral
in its surroundings. By oral history we mean the reconstruction of the past
which include oral traditions, folklores and interviews. In

understand

history available

mainly on the basis of oral sources,
Bengal and Santhal Pargana, there are many communities which are still unheard, but they carry

their history with them. To get the idea and knowledge of their past we must rely mainly on the

oral tradition that they have followed.

There is rise of study pertaining to local areas. The knowledge of local people is acquired through
qualitative research. The indigenous knowledge is transferred from one generation to other. This
knowledge is gradually being suppressed and eliminated because of West centric knowledge.

| Associate Professor, Department of History, Swami Shraddhanand College, DU
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NEP 2020 - A STEP TOWARDS QUALITY EDUCATORS

Dr. Samir* Deepa Kamra**
Assistant Professor, Dept Associate Professor, Dept
of Commerce, Swami Shraddhanand of Management Studies
College, University of Delhi DeenDayal Upadhyaya College,

University of Delhi
Rekha Gupta***
Assistant Professor, Department of Commerce, Swami Shraddhanand
College, University of Delhi

ABSTRACT

The release of National Education Policy in July 2020 after a gap of almost three
decades, has brought about a critical review of existing policies. It has exposed
significant gaps in implementation of policy provisions and limited
trainingopportunities for educators. It calls for a complete structural revamping of
education sector in India.

NEP-2020 encompasses radical changes in the education system, its foundational
principles, and its operationalization in the country. Teachers being the most
important component of a learning environment must possess desired attributes
that contributes towards nation-building. Educators must keep themselves abreast
with latest developments in the area of education and learning. The NEP 2020 policy
documentexhorts, - ‘Teachers truly shape the future of our children - and, therefore,
the future of our nation”. Teachers must play the most important role in nation-building
by shaping young minds into skilled and self-righteous citizens who will fulfil their duties
towards the nation.

The present conceptual paper enumerates various policy level initiatives for ensuring
that tzlented workforce is motivated into joining the profession of school teaching.

Keywords: Teacher Education, NEP 2020, Pedagogy

The National Education Policy recognises and identifies teachers and facilitators at
the center of learning process. NEP 2020 seeks toempower teachersand enumerates
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Functionalized Magnetic Carbon Nanomaterials
for Environmental Remediation
Ambika® and Pradeep Pratap Singh’

! University of Delhi, Hansraj College, Department of Chemistry, Delhi, 110007, India
2 University of Delhi, Swami Shraddhanand College, Department of Chemistry, Dethi, 110036, India

9.1 Introduction

Rapid industrialization and exponential population growth have led to an increased
discharge of wastewater containing various pollutants such as heavy metals, dyes, bacteria/
viruses, other organic pollutants that pose harmful effects on the environment [1-10].
These harmful and toxic contaminants may lead to various life-threatening diseases [11].
Therefore, there is an urgent need to develop a technology that can effectively control water
pollution. Nanotechnology can provide opportunities for environmental remediation
[12-44]. In the past few decades, nanocomposites (NCs) have attracted the attention of the
scientific community due to their high surface area to volume ratio of the reinforcing
nanoparticles compared to conventional composites. The reinforcing material can be pre-
pared using different particles, sheets, or fibers [45]. Carbon nanomaterials (CNMs), such
as fullerenes, carbon nanotubes (CNTs), and graphene, have been utilized as ideal reinforc-
ing fillers for the preparation of different carbon nanocomposites (CNCs) for their unique
physical and chemical properties, which offer potential advances in various fields [46, 47].
Recently, magnetic carbon nanocomposites (MCNCs) have attracted scientists’ attention
due to their porous structure, easy recovery and recyclability and benign biocompatibility
which may be attributed to their property to respond to an external stimulus such as a mag-
netic or electrical field. The agglomeration of iron oxide can be reduced by functionaliza-
tion with carbon nanoparticles. Magnetic separation could replace filtration, reducing the
loss of materials. These nanomaterials have been employed for various applications such as
catalysis, energy storage, sensors, electronics, biomedical field, and environmental reme-
fiiation (Scheme 9.1) [48, 49]. This chapter aims to discuss the preparation of functional-
ized carbon based magnetic nanocomposites (CMNCs) and their application in

environmental remediation.

Environmental Applications of Carbon Nanomaterials-Based Devices, First Edition.
Edited by Shadpour Mallakpour and Chaudhery Mustansar Hussain.
© 2022 WILEY-VCH GmbH. Published 2022 by WILEY-VCH GmbH.
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2 1 The Impact of Climate Change on

Chapter Human Health in India: An Overview

Dinesh Kumar Arya', Asha Verma® and Gobind Ji Rai’*
't‘m;'-:u'ln'nc'm of Chemistry, Acharya Narendra Dev College,
University of Delhi, Delhi, India
‘Department of chemistry, University of Rajasthan, Jaipur, India
"Department of Chemistry, Swami Shraddhanand College, University of Delhi, Delhi, India

F Introduction:

Chimate change occurs over decades, and still now-a-day climate change
have occurred naturally, because of continental drift, numerous astronomical cycles,
variations in solar energy output, and volcanic activity. Over the past few decades, it
has become increasingly apparent that human actions changes atmospheric
composition causing global climate change [1]. The Ministry of Earth Science
(MoES). Government of India have published a report in 2020, under titled
"Assessment of Climate Change over the Indian Region" considering that the
impact of climate change as one of the most significant and concerning issues of the
India that is the second largest country in the world by population and is rapidly
catching up to China. The lack of adaptive capacity coupled with limited resources
to help bolster health infrastructure have made it extremely challenging for the India
to cope with the spread of illness and disease. Due to diverse array of temperature
zones, climate change in India is now making things far worse. From the Himalayas
in the far north. to coastal megacities, to deserts where the 50° Celsius mark is
usually breached, the nation is persistently ranked as one of the most sensitive to

climate change [2, 3].
The key question is, how will the climate change affect human health?
Climate impacts numerous key determinants of health on which we depends that
leads to extremes and violent weather events; resurgence of disease organisms and
vectors. food and water, affects the quantity of air and the stability of the
ecosystems. Climate changes have both direct and indirect impact on human health.
Indirect impacts emanate from changes in temperature patterns that can disturb
natural ecosystems, change the ecology of infectious diseases, exacerbate air
pollution levels, harm agriculture and fresh water supplies, and cause large-scale
reorganization of plant and animal communities [4]. Climate change is a significant
and emerging threat to public health. The effects of climate change on human health
are influenced by a variety of pathways and there may be long delays between
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