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Foreword 

I am glad to find that our researchers in Malaysia, from Peninsular 
Malaysia, Sabah, and Sara" ak, are contributing to the ,\riling of this 
book. This book is written based on diversity aspects of wildl ife, 
management, and sustainability. and on in1egra1ing diverse species 
of flora and fauna in Malaysia. I believe that the scientific discoveries 
made through the collection and reporting of baseline data on flora 
and fauna have inspired all researchers including Malaysian and 
international researchers, to write this book. They had discovered 
more than they were looking for. 

The publication throughout this book is the result of such 
collaborative work with 17 Malaysia agencies and bodies, 
and 8 international agencies such as the Department of 
Wildlife and National Parks (PERHlLITAN) Peninsular 
Malaysia (PERHILITAN), the Sarawak Forestry 
Department, Malaysian Nuclear Agencies, and other 
national bodies such as UNI MAS, UMS, UM, UTHM, 
UKM, UniZA, UPM, USIM, and Cardiff Universicy. 

It thus gives me great pleasure to write the foreword 
to this informative books, which containing 25 chapter 
on various aspect of the diversity of wildlife related to 
management and sustainability throughout Malaysia. I 
congratulate all the authors for contributing to this 
informative book and I hope this books will be useful to all 
stakeholder and to those who remain connected through 
our reliance on consef\ ing our wildlife. 

YBhg Dato' Abdul Kadir Abu l-lashim 
Director General 
Department of Wildlife and I ational Parks (PERHILITA ), 
Peninsular Malaysia 
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DES AG/ KANAKARAJU•. ll'Q�G SQQ PA1'G, & MUIIAhlMAD MASI/UR 
BESAR 

Faculty orR�urce Sc1c-nce and Technology, UnHcrs111 Ma13ysia SaraY.ak, 94300 
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\HS'll{ACT 

One of the maJor \CClor5 "h1ch tu, e been conlnbutmg to the detcnorat1on of \.\Jttt 
rn.ources as \\ell a� accumulauon of so]Jd \\3S!es 1s agnculture. One of the mo�! 
important crops for st.arch productioa 1s sago palm h 1s kno" n that more than 90'!'1 of 
sago•plantmg area\ arc found m 1he 'il.1tc of Sar.mak., Malaysia Hea\ y con�umpllon of 
v.atcr b)· 1.ago surch production mills h.a,c resulted m large \0lumes of sago effluent 
Direct release of sago \\astev.Jter into Y.Jter bodies may be mappropnate due 10 the 
high amount of orgamc nutenal. and suspended Mll1ds There !lJ'C also grO\� mg concerns 
about the sohd \\3!.tes Y.h1ch include sago roughage (lmmpm). and sago bark Hence. an 
eflectl\e method or pro tocol becomes neces!.ary to tackle 1S)UC) rel:ited to this ag.ro 
mduslr) Titanium d1oude (T1O:) pho1oca1alts1s 1s lno\ \ n for 11s potential 10 c/Tectt\C'I) 
lre:u \:mous t)pes 0f\\aste\\atcr llo\.\e\er, there rcmams a paucity of s1ud1es on s;igo 
\.\ll!>IC\.\ater ab,uement 0\er T1� pho1ocat.alys1s The obJccll\c of this stud) 1s to 
in\csllgatc the poltnlial of T101 pho1ocataly)1s for the degrnda11on of sago wastc\.\atcr 
D1sn1ss1on pertaining to the propt"n1es of sago "aslc\\aler and sohd residues. 
performance ofT10 photocatal)�1s and recommendation for fu1ure studies are outlined 

Ke)"Ords: Ar.hanccd oxrdat1on proce)!I. Effluent, Agnculture, Em1ronmcnt 

I\ rRQDUCT/Q\ 

Many countnes including \fala)Ma are Mruggling to cope "uh \l.atcr dc1cnorat1on or deplc-tmn 1'>!.Ue Agnr.:ulturc SCl"lOr being the backbone m terms of economic return 10 our country, hJ) me\Jtably comr1buting to" alcr polhn,on as '""ell as gene-muon of wlid 
�:�:,e:��

n�t 't-J.nOu.) crops. crops for starch production are mainly conccnlr.ltcd m 
( H 

ara\\ak 
_ 
ln S:tra"al, the highest starch-producmg crop k.no" n as �go PJlm 

... ;��ro:qftm wguJ, tonsume more than 90"/, of the to1al planting orca5 (Smghal t'I al 
·
h 

' BuJang. 20l5) The sago residue) from sago starch proccss111g mills: Jrt a �dJ.ntlv a\aJlablc Wastc\\atcr cfllurnl generated dunng sago dcbarlo.mg and YJ;O 
�rocc ,mg I\ generally d1')Charged into nearh)

" mer.. (A\\g-Adcm c. ·I "', 20IO) 
3;::�::�lc� :go mill "hich ton'lumcs 1,000 logs/day 1s kno\\-n to generate 
\Jgo "3.,tc"�le;x> 

tom ol efllucnts {OuJang, 2008). Ahout 94-97¾ of the bulk ol lh: 
roughage or 'ha,/ 

l�quid. "h1lc the remamrng portion 1s 5ohd \\a.-.tc referred � 
dd,.irlmg �tcp 01 \:h 

Sago barJ.. (5.8) 1� ano1her :,ohd \\aslc gcncmtcd during
' !e 010�1 �\trnction pro..:es:) Dcpos111on or dumping of SB on bod 1 common pro1cticc among mo'>I of the mill operators to address the disp0sal 
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problem or 1h1\ solid waste Although such practice pro, ides a shon tcnn solution. 
potential cm 1ronmcnta/ problems could ho\ \CH"r emerge m the long term 

Sngo effiucnt ...,h1ch 1s comple11:, ac1d1c and em11s obno11:1ous odour I\ usually 
charactcnscd by c:lc\.-atcd chemical 0\)·gcn demand ((00), b1ochcm1cal 0X)"gen 
demand (BOD) and toLal suspended wlids (TSS) rang10g from 780-5130 mg,L. 910-
1300 mw'L, and 19-20.000 mgtL. rcsp«IJ\cly (Ibrah im t't al, 2006, Rash1d t't al. 
2010). Sago .... as1ewatcr may lead to pollu11on mainly o"mg to its high orgamc content 
(Ulhiza el al, 2018) As the d1rcct d1.scharge of sago .... a�te"a.ter cffiucnt may cause 
issues related to cn't-1ronmental detenorat1on. 115 u-eatment for cnher re-using or 
1mpro\ 1ng its discharged Ytatcr quaht) has been 1hc mam goa ls of 1he sago mill 

operator, 

Biological methods such as anaerobic 0u1d1ted beds and filter.. (Sara\ananc c.t al, 
2001, Panh1ba11 et al. 2008), thrcc-phllc 0u1d1Lcd bed b1oreactor (RaJas1mman 
&K.arth1l..eyan, 2007), and h)'bnd up0O\\ anaerobic sludge blanict re-actor (Banu t"I of, 
2006) ha.\c b«n commonly apphcd 10 trcal sago "a.stc\.\ater G1\en that lhe cflie1cncy 
of b10log1cat methods to completely degrade the emuem are poor. other altemati,e 
treatments arc needed to 1mproH· the waler quality of !>ago "aslC'l\ater (Sangcetlu el al. 
2015) T1tamum d1ox1de (T10i) phorocaUl)�ts • non-b1ological method could be a 
desirable altcmn11,c to degrade organic p�nt m the sago effiuent T10: photocatalys1s 
has emerged as an effCl'll\C melhod for the degradation of \300U5 b10rccalc1trant 
compounds in \\ater and wastc\\;1tcr (Gaya & Abdullah. 2008. Chong et al. 2010) 

T10i pho1ocn1alys1s has emerged a) a prom1smg \.\l�te"alcr ln::atment 1cchnology 
v.11.h key ad,nnlflgcs mcludmg the operation al ambient cond1t1ons. lo" co�i. lad.. 
of m3ss transfer hm11at10M and the poS$1b1hty of ut1hsmg solar 1rr:tdia11on as a photon 
source (Pcl..ak1s et al, 2006) Sem1conduc10r T1O: has been \\ 1dely applied m the 
photocatal)"tlc treatments to mducc ox1da11,e and rcduct1,c rcac11ons on 1� surface 
(Chong t'I al, 2010. Kanal..ar.JJU eta/. 2018n) lk5pllc the: established importance of 
T1O� photocatalys1s m \\dStc"atcr punficauon be 11 na1ural or synthetic was1ewater, there 
1s lm11tcd c, 1dencc of "hether 1h1s rcchmquc 1s cap.1blc to degrade sago \.\asle\\ater 

Stud) ar�u: Sngo i\1111 In Pusa, Sanrnal.. 
Sago palm 1s the species ol the genus of \fetron fun \\ b1ch be longs to the Pal mac 
family (A,\g•Adem �, al. 2010) Al pl"t'!>t"nl. this species: of sago palm 1s grown 
commercially 10 Mnlaysm, Ne\\ Gumca, Ph1hppm� and lndonc,1a The state of 
Sara\.\nk besides being the \\Orld') b1ggc,t c\pom:r of sago al!.O pos...cssc.) the larges! 
<tago gl"O\\mg areas m t..lala)'->13 figure I ,;hO\\S the -wgo palnl!t found 10 Pu.sa. Sar.rnak 
About 4-t,700 1011., ol s..1go ,t3n.:h \\Cre c\poned to Peninsular Malaysia. Singapore. 
T111w1m, Hong Kong and othl'r countrtei: m 2007 (A\\g-Adem t-1 al. 2010) ln Sara\.\ak.. 
the tota l e\pon earnings bch\t.:Cn USS 3 4 m1ll1on 10 USS 10 8 m1lhon \\Cre generated 
from annu<1l expon of pure ,;aco �,arch. '"'hich typ1call) nuctuatcs bctv. ecn 30.000 to 
50,000 tons (BuJmig, 2014) h�c nlJJ0T :.ago-planung arcas m Sar.mal.. indude MuJ...ah. 
Pusa-Saratok. Oya-Dalal. Jgan and Bahngan (Andnana & .-\hdullah, 2010) Gcn�·r:illy, 
the sago mdu\tne\ are located along rucr-. to ease lr.in,r,onallon of \Jgo log'I !Figure 
2) 

�_..,.,_,. l.....,_-'U.�.,r,o ,..,,._,_,_ lJO 
....... 
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AIISTRA 1' 

"Slunrinc mnngrovc sw111111ls 01 th\! c1.H1�11inc lmv 
wn c nttcnuntion om! rcducinl4 llow cnagy us ti 
trc..:s with their network of roots un<l 1rnnks. rh, 
of d:nsc trees uppcnrs suhs111n1i11I, not rn1ly l'or �IO 
surges. but also for ts1u111m,s. rhc h}dro!lynnm 
swomps of' the Mcrhuk Esrnnr . Kcdnh. Muh 
di111cnsiom1I th.:pth-intcgrntcd 1wmcricnl nu .Hieb 1 
induced by nutngro c lrl.!cs nnd the h\m,:"-ngc 
propngotion through the mnn�rmc �,,n11111s. 1 he 
th1.: innucn ·cs or lllllllgl'OVC!'i 011 the t,dnl !low stru 
mnngrovcs ns 110111ml ddCnccs ng11111-:t n,11111rn� 
tsunn111is propngnting up the 1:stunry. A series ,H 1 
ot two locntions ulo11l4 the 111ni11 river ,ccl1tlll • 
cstuury. 'om1)nrisons ol' ,cloc11y prolilcs :tnd "1 
chongcs ror both co11d11w11-:. i11clud1ny, '' ith nnd '' 
suggest thnt 111tmgrovcs help II\ n.xlm:ml) thc " 
sis11Hic11n1 impn ·1 011 the hydrodynnt11ic 110" pro, 
nlso shows thot the mmJcl dc,clopcd cnn he u,c, 
wntcr level n11d flow risk 11uutni;cmcnt, cou-:tnl 
disnstcrs, which works 1uwrmh, su,ininuhk rc,llll 
i11 cstunrics. 
l(cywonls: Mon�nwc cstuurit!s: 
cuvironuu:nt, 1nlnysm 
INTROO flON 

WU\IC Olli 

n 26 I c ·�111h •r 2004, llil\tll� l)ny," t,unrt111t '" 
. I I I r" ()ccnn nml nu of l)cn»nl, 111t.:lud111� t ic Ill 1 1  

R1 ·htcr-�cnl � cortlH11111t..e. centred ncnr the 1H1t1h-,\ 
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