
caph;gug;Gf;fth;r;rp: khR gl;l fopT ePiu Rj;jg;gLj;Jk; xU rpfpr;ir El;gk;;;

jpl;lr;RUf;fk;
	 ePhpypUe;J khRf;fis Fwpg;ghf cNyhfk; Nghd;w vspjpy; kf;fhj nghUl;fis ePf;f gad;gLj;Jk; xU njhopy; El;gk; 

caph;gug;Gf;fth;r;rpahFk;. gy;NtW caph; nghUl;fshd ghf;Bhpah> G+Q;ir> ghrpfs; kw;Wk; njhopy;Jiw> Ntshz; fopTfs; ,e;j 

khRf;fis gpizg;gjhf mwpag;gLfpwJ. ,e;j tpkh;rdf; fl;Liuapy;> cNyhf madpfis ePf;Fk; gy;NtW caph;cwpQ;rpg; nghUl;fspd; 

cwpQ;Rk; jpwd;fisg; gw;wp tpthjpf;fg;gl;Ls;sJ. $Ljyhf> caphpapd; Mf;ff;$Wfspy; cs;s fhh;ghf;]py;> mikd; kw;Wk; gh];NghNdl; 

Nghd;w nray;ghl;Lf; FOf;fspd; caph; cwpQ;Rk; Mw;wy;fs; tpthpf;fg;gl;Ls;sJ. caph; cwpQ;rp gpizg;G nghwpKiwAk;> caph;gug;Gf; 

fth;r;rp nray;Kiwiag; ghjpf;Fk; fhuzpfs; Fwpj;Jk; Ma;T nra;ag;gl;Ls;sJ. fth;r;rp rkntg;gepiy> ,af;ftpay; kw;Wk; ,jw;fhf 

gad;gLj;jg;gLk; fzpjkhjphpfs; Fwpj;J tptukhd tpsf;fk; toq;fg;gl;Ls;sJ. NkYk;> Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l gy;NtW 

caph;nghUl;fspd; cNyhf gpizg;Gj;jpwd; nfhz;L xU Kiwg;gLj;jg;gl;l xg;gPL toq;fg;gl;Ls;sJ. Ez;Zaph; caph;gug;Gf; fth;r;rp 

njhlh;Gila gpur;ridfis Ma;T nra;J mjd; nghUj;jkhd jPh;T KiwfSk; tpthjpf;fg;gl;Ls;sd. njhlh;r;rpahd fopTePh; Rj;jpfhpg;Gf;F> 

caph;cwpQ;rpg; epug;gg;gl;l gLf;if epuiy fl;likg;G ghpe;Jiuf;fg;gl;lNjhL> mjd; nray;jpwid ghjpf;Fk; fhuzpfSk; tpthjpf;fg;gl;Ls;sd. 

,e;j Ma;T fl;Liu %yk; Ma;tfq;fspy; kl;Lk; ,y;yhky;> cz;ik #oypYk; caph;cwpQ;rpg; nghUl;fis ghpNrhjid nra;tJ mtrpak; 

vd tiuAWj;jg;gLfpwJ. ,t;thW ,e;j fl;Liu Ma;thdJ> caph;gug;Gf;fth;r;rp njhopy;El;gj;jpd; rhjidfs; kw;Wk; jw;Nghija epiy 

kjpg;Giufisj; jUtNjhL ,e;j Muha;r;rpapy; vy;iy Ez;zwpit toq;Fk; vdTk; vjph;ghh;f;fg;gLfpwJ.

Kf;fpa thh;j;ijfs;: caph;gug;Gf;fth;r;rp; ePh; juk;; fd cNyhfq;fs;; fopTePh; Rj;jpfhpg;G; epug;gg;gl;l epuy;; rkntg;gepiy; ,af;ftpay;; 
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Biosorption: A treatment technique to clean-up polluted wastewater
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ABSTRACT
	 Biosorption is a technique that can be used for the removal of pollutants from waters, especially those that are not easily biodegradable such 
as metals. A variety of biomaterials are known to bind these pollutants, including bacteria, fungi, algae, and industrial and agricultural wastes. In this 
review, the biosorption abilities of various biosorbents toward metal ions are emphasized. The properties of the biomass constituents and the role of 
functional groups, such as carboxyl, amine and phosphonate, are discussed on the basis of their biosorption potentials. The binding mechanisms, as well 
as the parameters influencing the passive uptake of pollutants, are analyzed. A detailed description of isotherm and kinetic models and the importance 
of mechanistic modeling are presented. A systematic comparison of literature, based on the metal binding capacity of various biomasses under different 
conditions, is also provided. The problems associated with microbial biosorption are analyzed, and suitable remedies discussed. For the continuous 
treatment of effluents, an up-flow packed column configuration is suggested and the factors influencing its performance are discussed. The present review 
also highlights the necessity for the examination of biosorbents within real situations, as competition between solutes and water quality may affect the 
biosorption performance. Thus, this article reviews the achievements and current status of biosorption technology, and hopes to provide insights into this 
research frontier. 
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1. mwpKfk;

G+kpapd; Nkw;gug;gpy; 70 rjtpfpjj;ijf; nfhz;l ePuhdJ ek; 

fpufj;jpYs;s kpfTk; kjpg;Gkpf;f ,aw;if tskhFk;. ,e;j 

kjpg;Gkpf;f jputk; ,y;yhtpby;> G+kpapd; kPjhd tho;f;if 

,y;yhjjhfptpLk;. ,e;j cz;ik gutyhf czug;gLfpwJ 

vd;whYk;> ePh; tsq;fspd; khR vd;gJ xU nghJthd 

epfo;thfptpl;lJ.  Fwpg;ghf FbePh; nghpJk; ghjpf;fg;gLtNjhL 

gyNtisfspy; mjd; cz;ikahd Nehf;fj;ijAk; 

,oe;JtpLfpwJ.

	 ePh; khRgl gy %yfhuzq;fs; cs;sd. ,tw;iw> 

Neub kw;Wk; kiwKf khR fhuzpfshf tifg;gLj;jyhk;. 

Neub khR fhuzpfspy; njhopy;Jiw> vz;nza; Miyfs; 

kw;Wk; fopTePh; Rj;jpfhpg;G epiyaq;fspypUe;J ntsptUk; 

fopTfs; Mfpait mlq;Fk;. mNjrkak;> kiwKf 

fhuzpfspy; mRj;jkhd kz;/epyj;jb ePh; kw;Wk; kioePh; 

Mfpait mlq;Fk;. nghJthf khRf;fis ,uz;L 

tFg;Gfspd; fPo; tifg;gLj;jyhk;. mit fhpk kw;Wk; fdpk 

khRf;fshFk;. fhpk khRf;fshdJ njhopy;Jiw fiug;ghd;fs;> 

caph;f;nfhy;ypfs;> G+r;rpf;nfhy;ypfs; kw;Wk; czT 

gjg;gLj;Jk; fopTfs; Nghd;witahFk;. fdpk khRf;fspy; 

cNyhfq;fs;> cuq;fs; kw;Wk; njhopy;Jiw ntspNaw;wyhy; 

Vw;gLk; mkpyj;jd;ik Mfpait NrUk;. ,e;j Ma;Tf;fl;Liu> 

fdpk khRf;fspy; fPo;tUk; cNyhfq;fis kl;Lk; fUj;jpy; 

nfhz;L vOjg;gl;Ls;sJ. ,t;TNyhfkhdJ> njhopy;Jiw 

fopTfspYs;s nghJthd khR nghUshFk;.  NkYk; mit 

er;Rj;jd;ik> kw;Wk; Gw;W Neha; cz;lhf;ff; $bajhf 

,Uf;Fk; vd mwpag;gLfpwJ.

	 cNyhfq;fs;> Ruq;fk;> cNyhftpay;> kpd;dZ> 

kpd;Kyhk;> Njhy; kw;Wk; cNyhf nkUNfw;Wjy; cl;gl 

gy njhopw;$lq;fspy; tphpthf gad;gLj;jg;gLfpd;wd. 

,t;thwhf gad;gLj;jg;gLk; cNyhfq;fs;> njhopy;Jiw 

fopTfspy; fzprkhd mstpy; ,Uf;Fk;.  ,e;j fopthdJ 

Rj;jpfhpf;fg;glhky; ntspNaw;wg;gl;lhy;> caph;,dq;fSf;F 

jPq;F tpistpg;gJ kl;Lkpy;yhky; Rw;Wr;#oYf;F ghjpg;ig 

Vw;gLj;Jk;. NkYk;> cNyhfq;fis kf;fitf;fNth 

mopf;fNth KbahJ [1]. Kf;fpakhd cNyhfq;fshd 

ghjurk;> <ak;> Nfl;kpak; kw;Wk; FNuhkpak;(VI) Mfpait 

er;rhf fUjg;gLfpd;wd. mNjrkak;> jhkpuk;> epf;fy;> 

Nfhghy;l; kw;Wk; Jj;jehfk; Nghd;w kw;w cNyhfq;fspy; 

er;Rj;jd;ik ,y;iy. vdpDk;> mitfspd; tphpthd gad;ghL 

kw;Wk; mjpfhpf;Fk; mstpdhy; Rw;Wr;#oYf;F ghjpg;ig 

Vw;gLj;Jk; [2>3]. ANudpak; Nghd;w NubNahepAf;fpill; mjpf 

tp\j;jd;ik kw;Wk; fjphpaf;fk; nfhz;lNjhL rpwpa nrwptpy; 

$l jPtpu mr;RWj;jiy ntspg;gLj;Jfpd;wd.

	 tsh;e;j kw;Wk; tsUk; ehLfspy;> njhopy;Jiw 

eltbf;iffspy; ,Ue;J ntspNaw;wg;gLk; khRf;fs; 

Fwpj;j fLikahd Rw;Wr;#oy; fl;Lg;ghLfs; 

mwpKfg;gLj;jg;gl;Ls;sd. mjhtJ njhopw;rhiyfs; mtw;wpd; 

fopTfis ntspNaw;Wtjw;F Kd;> fopTePh; Rj;jpfhpg;G %yk; 

khRf;fis mjd; nrwpT tuk;GfSf;Fs; Fiwf;f Ntz;Lk; 

[4] vdpDk; xU fopTePh; Rj;jpfhpg;G trjp Njh;T nra;Ak; 

Kd;dh;> mjd; nray;jpwid Ma;tf kw;Wk; nghwpapay; 

Nrhjid %yk; MuhaNtz;Lk; [5].

2. rpfpr;ir Kiwfspd; fz;Nzhl;lk;

cNyhfk; nfhz;l njhopy;Jiw fopTfis Rj;jpfhpf;f 

gy;NtW cj;jpfs; gad;gLj;Jfpd;wd. mit nghJthf ,uz;L 

ngUk; gphpTfspd; fPo; tUfpwJ (capuw;w kw;Wk; caphpay; 

Kiwfs;). fPo;gbjy;> gug;Gf;fth;r;rp> madp-ghpkhw;wk;> rt;T 

kw;Wk; kpd;Ntjpapay; njhopy;El;gq;fs; Mfpait capuw;w 

Kiwfspy; mlq;Fk;. Mdhy; ,e;j njhopy;El;gq;fshdJ gy 

vjph;kiw mk;rq;fisf; nfhz;Ls;sJ [5,6]. ,it tpiy 

mjpfkhdJk;> Rw;Wr;#oy; ghjpg;G Vw;gLj;JitahfTk; kw;Wk; 

Fiwe;j nray;jpwid nfhz;ljhfTk; gy Muha;r;rpahsh;fshy; 

mwpag;gl;Ls;sJ [7]. vdNt> fopTePh; Rj;jpfhpg;gpy;> jpwikahd 
Rw;Wr;#oYf;F ghjpg;gpy;yhj kw;Wk; kypthd nray;Kiwia 

mwpa gy;NtW Muha;r;rpfs; ele;J nfhz;L ,Uf;fpd;wd.

	 rkPg Mz;Lfspy;> gy Muha;r;rpahsh;fs; foptePh; 

Rj;jpfhpg;gpy; caphpay; Kiwfis nfhz;L ntw;wp 

ngw;wpUf;fpd;wdh; [8,9]. ntt;NtW caphpapy; Kiwfs; 

%yk; cNyhfq;fis ePf;fyhk;. Fwpg;ghf> caphpay; jpul;L 

kw;Wk; caph;gug;Gf;fth;r;rp Mfpa caphpay; nray;Kiwfs 

cNyhfq;fis ePf;f ey;y nray;jpwid nfhz;Ls;sJ 

[10,11]. caphpay; jpul;L vd;gJ caph; nry;fisf; nfhz;l 

nray;Kiw@ mNjrkak;> caph;gug;Gf;fth;r;rp vd;gJ ,we;j 

caphp nghUis gad;gLj;JtjhFk;. Jy;ypakhf> caphpay; 

jpul;L vd;gJ thOk; caphp nry;fspd; %yk; er;rg;nghUis 

cs;thq;fy; vd;gjhFk;. ,e;j er;Rg; nghUshdJ> xU nry;ypd; 

cs;Ns nrd;W> nry;rt;T kw;Wk; gpw nry; ghfq;fspy; 

Nrh;e;J tpLk; [11]. khwhf caph;gug;Gf; fth;r;rpahdJ ,we;j 

/nrayw;w caphpay; nghUl;fisf; nfhz;L er;Rg;nghUis 

ePf;Fk; nray;KiwahFk;. ,e;j Kiwapy;> nry;Rth;fs; %yk; 

er;Rg;nghUs; ePf;fg;gLfpwJ.

	 caph;gug;Gr; fth;r;rp gy Nkk;gl;l eyd;fisf; 

nfhz;Ls;sJ [7]. ,e;eyd;fs; fPNo nfhLf;fg;gl;Ls;sJ>
(m) nrayw;w caphpfis gad;gLj;JtJ vspJ.

(M) mjpf cNyhf nrwpitf; nfhz;l fopTePUf;Fk; 

gad;gLj;jyhk;.

(,) nrayw;w caphpfis Gwe;js;Sjy; %yk; 

kWgad;gLj;jyhk;.

(<) nray;ghl;Lr; nryT kpfTk; FiwT.

(c) Rygkhf njhlh; fopT ePh; Rj;jpfhpg;gpw;F 

cgNahfg;gLj;jyhk;.

(C) mjpfkhd mkpy/fhu jd;ik kw;Wk; ntg;gepiyapYk; 

nrayw;w caphpfis gad;gLj;jyhk;.

	 ,t;thW ,jd; rhjfkhd gz;Gfs; fhuzkhf> 

caph;gug;Gf;fth;r;rp rkPgj;jpa Mz;Lfspy; mjpf 

Muha;r;rpahsh;fs; kw;Wk; njhopy;Jiw epWtdq;fspd; 

ftdj;ij <h;j;Js;sJ.

3. caph;cwpQ;rpg; nghUl;fspd; tiffs;; 

cNyhfq;fis ePf;ff;$ba caph;cwpQ;rpg; nghUl;fis> 

ghf;Bhpah> G+Q;ir> ghrp> njhopw;rhiy kw;Wk; Ntshz; 

fopTfs; fPo; nghJthf tifg;gLj;jyhk;. ,t;tidj;J 

caph;nghUl;fSk;> gy;NtW cNyhf madpfspy; ey;y 

caph;gug;Gf;fth;r;rpj; jd;ikia ntspg;gLj;jpAs;sd. 

1980-fspd; Kw;gFjpapy;> rpy Ez;Zaphpfspd; cNyhf 
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cs;thq;Fjy; jpwd; mwpag;gl;lJ. ,jd; fhuzkhf> 

er;rj;jd;ikapd; mbg;gilapy; gy Muha;;r;rp mwpf;iffs; 

ntspaplg;gl;lJ vd;whYk;> ,it midj;Jk; caphpay; 

cNyhf jpul;L mbg;giliaf; nfhz;ljhFk; [12]. rpy 

Mz;LfSf;fg; gpd;> Nkk;gl;l Muha;r;rpfspd; %yk;> nrayw;w 

/,we;j Ez;ZapuhdJ gy;NtW ,aw;gpay;-Ntjpapay; 

nghwpKiwfspd; %yk; cNyhf madpfis gpizf;fty;yJ 

vd;W fz;lwpag;gl;lJ. ,e;j Gjpa fz;Lgpbg;gjd; %yk;> 

caph;gug;Gf;fth;r;rpapd; kPjhd Muha;r;rp> Kd;Ndw;wk; mile;J 

Vuhskhd caph;cwpQ;rpg; nghUl;fs; Kd;nkhopag;gl;lJ.

3.1. ghf;Bhpahtpd; caph;gug;Gf;fth;r;rp
	

GNuhfhhpNahl;fs; tifia Nrh;e;j> XuZ caphpdq;fspy; 

gpujhd FO ghf;Bhpah MFk;. mit kz; kw;Wk; ePh; epiyfspy; 

mjpfkhf fhzg;gLk;. ghf;Bhpahit NfhsTaphp (cjhuzk; 

];l;nug;Nlhfhf;f];)> jz;Lfs; (cjhuzk; Ngrpy;y];)> 

Roy; (cjhuzk; tpg;hpNah NfhnyNu)> ,io (cjhuzk; 

mrpl;bNdhikrp];) cs;spl;l gy;NtW tbtq;fspy; fhzyhk;. 

midj;J ghf;Bhpah tiffSk; vspikahd nry; mikg;igf; 

nfhz;bUg;gNjhL capuZtpy; fU ,y;yhjNghJk; nry; 

Rtiuf; nfhz;bUf;fpwJ. ghf;Bhpahtpd; nry; Rth;> nry; 

fl;likg;gpw;F gyj;ij toq;FfpwJ. Mdhy; ,e;j nry; 

RtuhdJ> ngg;bNlhfpisfhd (ghyp-N-mrpily;FSNfh]h- 

ikd; kw;Wk; N-mrpily;KA+uhkpf; mkpyk;) fhuzkhf kw;w 

Ez;ZaphpfspypUe;J NtWgLfpd;wJ.  ,e;j ngg;bNlhfpisfhd;> 

ghf;Bhpah nry; Rthpd; fbdj;jd;ikiaAk;> nry; tbtj;ijAk; 

jPh;khdpf;fpwJ.

	 n\h;ngh;l; [13] $wpapUg;gJ ahnjdpy;> 

ngg;bNlhfpisfhd;> nlf;fhapf; kw;Wk; nlf;A+uhdpf; 

mkpyq;fspy; cs;s vjph;kiw nray;ghl;Lf; FOf;fs; 

ghf;Bhpahtpd; cNyhf gpizg;gpd; NghJ Kjd;ik nghWg;ig 

Vw;fpwJ. mkpy fhuj;jd;ikapy;> ghf;Bhpah nry; Rth;fs; 

vjph;kiw rf;jpiag; ngw;wpUf;Fk; ,jd; fhuzkhf nry;Rthpd; 

,urhad nray;ghl;Lf;FOf;fs; ePh;kj;jpYs;s cNyhf 

madpfis ntFthf fth;e;J ,Of;Fk; [14]. ghf;Bhpahtpd; 
caph;gug;Gf;fth;r;rp jpwid mhpa kpf Jy;ypakhd Muha;r;rp 

gpnua;h;yp [15,16]-ahy; Nkw;nfhs;sg;gl;lNjhL kl;Lkpy;yhky; 

mth; cNyhf caph;gug;Gf;fth;r;rp fUj;ij tzpf Nkilf;F 

nfhz;L nrd;whh;. ,jw;Fg;gpd; gy ghf;Bhpah tiffs; 

cNyhf caphp cwpQ;rpfshf ghpe;Jiuf;fg;gl;lJ. rpy 

gads;s ghf;Bhpah caph;cwpQ;rpg; nghUl;fspd; ,dq;fs; 

gpd;tUkhW: Ngrpy;y];> #Nlhnkhd];> fhh;dpghf;Bhpak; kw;Wk; 

];l;nug;Nlhik]p];.

	 ml;ltiz 1-y; cNyhf caph;gug;Gf;fth;r;rpapy; 

cgNahfg;gLj;jg;gl;l rpy ghf;Bhpah caph;cwpQ;rpg; 

nghUl;fspd; nray;jpwd; RUf;fkhf jug;gl;Ls;sJ.

3.2. G+Q;irapd; caph;gug;Gf;fth;r;rp

	 G+Q;ir tsu vspjhfTk;> ghf;Bhpah Nghd;wpy;yhky;> 

cah; caphp tpisr;riyj; jUtjhfTk; ,Uf;Fk;. G+Q;irfs; 

nehjpj;jy; njhopw;Jiwfspy; gutyhf gad;gLj;jg;gLfpd;wd. 

,e;j njhopw;Jiwfspy; ,Ue;J G+Q;ir caphpay; fopTfis 

vspjhf Fiwe;j tpiyf;F ngwKbAk;. cNyhf ePf;fYf;fhf 

,e;j G+Q;ir caphpfis caph;cwpQ;rpg;nghUl;fshf 

gad;gLj;Jtjd; %yk; rk;ge;jg;gl;l njhopw;rhiyapd; 

tUthia Nkk;gLj;j KbAk;. mNj rkak; mg;nghUl;fis 

mfw;Wk; nryTfspd; RikiaAk; Fiwf;f KbAk;. 

NkYk; ,g;G+Q;ir caphpfis Ma;tfq;fspy; vspikahd 

nehjpj;jy; El;gq;fs; kw;Wk; kypthd tsh;r;rp jsnghUs; 

gad;gLj;jp cw;gj;jp nra;aKbAk; [43]. rpy gaDs;s G+Q;ir 

caph;cwpQ;rpg; nghUl;fspd; ,dq;fs; gpd;tUkhW: hpNrhg];> 

m];ngh;[py]; kw;Wk; ngdprpypak; ,dq;fs;.

	 ePh;j;j fiurypUe;J gy;NtW cNyhfq;fis ePf;f 

hpNrhg]; G+Q;ir cgNahfg;gLj;jg;gl;Ls;sJ. A+Nudpak; kw;Wk; 

Njhhpaj;ij cwpQ;r hpNrhg]; mh;fpr]; cfe;jJ vd nlrh]; 

kw;Wk; Nthy];fp [44] fz;lwpe;jdh;. ,e;j G+Q;irahdJ 

fhuj;jd;ik 4-y;> 180 kpfp/fp cNyhf cs;thq;F jpwid 

A+Nuhdpak; kw;Wk; Njhhpaj;jpw;fhf ntspg;gLj;jpaJ. NkYk; 

Nlhgpd; kw;Wk; gyh; [45]> hpNrhg]; mh;fpr];-d; cNyhf 

cwpQ;rp nray;jpwid gy;NtW fd cNyhfq;fshfpa 

jhkpuk;(II)> Jj;jehfk;(II)> fhl;kpak;(II)> ghjurk;(II) kw;Wk; 

<ak;(II) Mfpatw;iw gad;gLj;jp Rl;bf;fhl;bdh;. /ngNuh]; 

kw;Wk; gyh; [46] mth;fs; ,we;j mirtw;w hpNrhg]; 

mh;fpr];-ia caph;gug;Gf; fth;r;rpg; nghUshf jhkpuk; 

ePf;Fjypy; gad;gLj;jpaNjhL Muk;g ePh;k fhuj;jd;ik> 

njhlh;G Neuk;> Muk;g jhkpuk;(II)-j;jpd; nrwpT> ,iz 

madp> Gwe;js;Sjy; kw;Wk; caph;gug;Gf;fth;r;rpg; nghUspd; 

kWgad;ghL Mfpatw;wpd; tpisTfis nraw;if fiurypy; 

gbj;jwpe;jdh;. mth;fs; jhkpuk;(II) caph;gug;Gf; fth;r;rpapd; 

cfe;j fhuj;jd;ik 6.5 vdTk; ,e;j nray;Kiw ntg;g 

Vw;GKiw vdTk; fz;lwpe;jdh;.

	 m];ngh;[py]; ,dq;fs; cNyhf ePf;Fjypy; 

xUNghJk;> ed;whf nray;gl;ljpy;iy. A+Nudpak; kw;Wk; 

Njhhpak; caph;g;gug;Gfth;r;rpf;fhf nlrh]; kw;Wk; Nthy];fp 

[44] gy;NtW nehjpj;jy; nray;KiwfspypUe;Jk; caphpay; 

Rj;jpfhpg;G MiyfspypUe;Jk; ngwg;gl;l fopT Ez;Zaph; 

caph;khjphpfis Muha;e;jdh;. ,jd; Kbtpy; Ma;T nra;ag;gl;l 

G+Q;irfspy; m];ngh;[py]; ,dq;fs; (m];ngh;[py]; nlu]; 

kw;Wk; m];ngh;[py]; ie[h;) Fiwe;j ANudpa kw;Wk; Njhhpa  

caph;g;gug;Gfth;r;rpj; jpwidf; fhl;Ltjhf ep&gpf;fg;gl;Ls;sJ. 

fg+h; kw;Wk; gyh; [47] <ak;> fhl;kpak;> jhkpuk; kw;Wk; epf;fy; 
madpfspd; ePf;fypy; G+Q;ir m];ngh;[py]; ie[h;-d; 

rhj;jpaj;ij kjpg;gPL nra;jdh;. m];ngh;[py]; ie[h; thOk; 

caphpia tpl Kd;rpfpr;ir nra;ag;gl;l (15 epkplk; 0.1 N 
Nrhbak; i`buhf;i]L ePh;kj;jpy; nfhjpf;fg;gl;l) caphp> 

mjpf ePf;Fjy; jpwid <aj;jpy; (7.24 kpfp/fp)> fhl;kpaj;jpy; 
(3.43 kpfp/fp) kw;Wk; jhkpuj;jpy; (2.16 kpf/fp) ntspg;gLj;jpaJ. 
mNj rkak;> thOk; caphp m];ngh;[py]; ie[h; MdJ 

Kd;rpfpr;ir nra;ag;gl;l caphpiatpl mjpf epf;fy; ePf;Fjy; 

jpwidf; (1.75 kpfp/fp) nfhz;ljhf fz;lwpag;gl;lJ. Irf; 

kw;Wk; gyh; [48] Njhy; gjdpLk; njhopw;fopTfspypUe;J 

jdpikg;gLj;jg;gl;l G+Q;ir caphp m];ngh;[py]; n[fpl;lh-

itf; nfhz;L FNuhkpak;(VI)-ia mfw;w Kad;wdh;. cyh;e;j 

fhu rpfpr;ir Nkw;nfhz;l m];ngh;[py]; n[fpl;lh caphpiag; 

gad;gLj;jp 37 onry;rpa];> fhuj;jd;ik 2> Mh.;gp.vk.; 150 kw;Wk; 

25 kpfp/ypMuk;g cNyhf madpr;nrwptpy; mDrhpf;fg;gl;ljpy;> 

mjpfgl;r FNuhkpak;(VI) epf;fy; nray;jpwd; 92.8 rjtpfpjk; 
vd mwpag;gl;lJ.

	 mNef Muha;r;rpahsh;fs;> ngdprpypak; ,dq;fs; 

gy;NtW cNyhfq;fis ePf;fty;yJ vd milahsk; fz;ldh;. 

cjhuzkhf> Nrhkh;]; [49] ngdprpypak; ,l;lhypfk;-d; 

tpj;Jfs; jhkpuk; ePf;Ftjhf fhl;bAs;shh;. NkYk; 

4
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ghf;Bhpah tif cNyhfk;
cNyhf cs;thq;fy; msT 

(kpfp/fp) rhd;whjhuk;

VNuhNkhdh]; ftpNa FNuhkpak;(VI) 284.4 [17]

VNuhNkhdh]; ftpNa fhl;kpak; 155.3 [17]

Ngrpy;y]; rh;Fyd;]; fhl;kpak; 26.5 [18]

Ngrpy;y]; nfhahFyd;]; FNuhkpak;(VI) 39.9 [19]

Ngrpy;y]; Nyl;bNuh];Nghu]; fhl;kpak; 85.5 [20]

Ngrpy;y]; Nyl;bNuh];Nghu]; epf;fy; 44.4 [20]

Ngrpy;y]; ,dq;fs; jhkpuk; 16.3 [21]

Ngrpy;y]; ,dq;fs; <ak; 92.3 [21]

Ngrpy;y]; ,dq;fs; <ak; 15.4 [22]

Ngrpy;y]; rg;byp]; jhkpuk; 20.8 [23]

Ngrpy;y]; rg;byp]; Njhhpak; 71.9 [24]

Ngrpy;y]; rg;byp]; A+Nudpak; 52.4 [24]

Ngrpy;y]; Jhpd;[pad;rp]; <ak; 164.8 [25]

Ngrpy;y]; Jhpd;[pad;rp]; fhl;kpak; 59.2 [26]

Ngrpy;y]; Jhpd;[pad;rp]; FNuhkpak; 71.9 [26]

Ngrpy;y]; Jhpd;[pad;rp]; jhkpuk; 39.8 [26]

Ngrpy;y]; Jhpd;[pad;rp]; <ak; 30.8 [26]

Ngrpy;y]; Jhpd;[pad;rp]; epf;fy; 43.1 [26]

fpiurpNahNkhd]; YbNahyh mYkpdpak; 55.2 [27]

fpiurpNahNkhd]; YbNahyh FNuhkpak;(VI) 3.0 [27]

fhh;dpghf;Bhpak; <f;A+ Njhhpak; 46.9 [24]

fhh;dpghf;Bhpak; <f;A+ A+Nudpak; 21.4 [24]

fhh;dpghf;Bhpak; FSlhkpfk; <ak; 567.7 [28]

fhh;dpghf;Bhpak; FSlhkpfk; Njhhpak; 36.2 [24]

fhh;dpghf;Bhpak; FSlhkpfk; A+Nudpak; 5.9 [24]

fg;hpahtpl]; ijthndd;rp]; <ak;(II) 50.01 [29]

fg;hpahtpl]; ijthndd;rp]; jhkpuk;(II) 19.0 [29]

fg;hpahtpl]; ijthndd;rp]; fhl;kpak;(II) 19.6 [29]

bry;/NghtpgphpNah bry;/G+hpfd;]; gy;yhbak; 128.2 [30]

bry;/NghtpgphpNah bry;/G+hpfd;]; gpshl;bdk; 62.5 [30]

bry;/NghtpgphpNah /gpuf;Nlhrptud;]; gy;yhbak; 119.8 [30]

bry;/NghtpgphpNah /gpuf;Nlhrptud;]; gpshl;bdk; 32.3 [30]

bry;/NghtpgphpNah ty;fhp]; gy;yhbak; 106.3 [30]

bry;/NghtpgphpNah ty;fhp]; gpshl;bdk; 40.1 [30]

ikf;Nuhfhf;f]; Ynl]; jhkpuk; 33.5 [23]

ikf;Nuhfhf;f]; Ynl]; Njhhpak; 77.0 [24]

ikf;Nuhfhf;f]; Ynl]; A+Nudpak; 38.8 [24]

nehfhh;bah vhpj;Nuhghyp]; Njhhpak; 73.8 [24]

nehfhh;bah vhpj;Nuhghyp]; A+Nudpak; 51.2 [24]

#Nlhnkhd]; VU[pNdh]h FNuhkpak; 200 [31]

#Nlhnkhd]; VU[pNdh]h jhkpuk; 113.6 [31]

#Nlhnkhd]; VU[pNdh]h khq;fdPR 22.4 [31]

#Nlhnkhd]; VU[pNdh]h Jj;jehfk; 87.7 [31]

#Nlhnkhd]; VU[pNdh]h jhkpuk; 23.1 [32]

ml;ltiz 1. Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l ghf;Bhpahf;fspd; cNyhf caph;gug;Gf;fth;r;rpj; jpwd;



cNyhf cs;thq;fyhdJ xU madp ghpkhw;w tpid vd 

vLj;Jiuj;jdh;. Ngdprpypak; ];igDyhrk; MdJ jhkpuk;> 

jq;fk;> Jj;jehfk;> fhl;kpak; kw;Wk; khq;fdpR Mfpatw;iw 

ePf;Ftjhf ep&gpf;fg;gl;Ls;sJ [50]. EA+ kw;Wk; gyh; [51] 
capuw;w ngdprpypak; fpiuNrhn[dk; gad;gLj;jp ePh;k 

fiurypYs;s <a madpfis ePf;f Ma;T Nkw;nfhz;ldh;. 

NkYk; mth;fs; <ak;(II) gug;Gf;fth;r;rp cs;thq;fy; jhkpuk;(II) 
kw;Wk; Mh;rdpf;(III) Kd;dpiyapy; khwhky; ,Ug;gjhfTk; 

Jj;jehfk;(II) Kd;dpiyapy; FiwtjhfTk; kw;Wk; fhl;kpak;(II) 
Kd;dpiyapy; mjpfhpg;gjhfTk; fz;lwpe;jdh;.

	 kpfTk; nghJthf mwpag;gLfpw <];l; caphp 

(rhf;fNuhikrpd; nrhptprpNa) rhjhuzkhd cNyhf 

caph;gug;Gf;fth;r;rp jpwidf; nfhz;Ls;sjhf mwpag;gLfpwJ. 

Nthy];fp kw;Wk; gyh; [52] fhl;kpak; caph;gug;Gf; fth;r;rpia 

rhf;fNuhikrp]; nrhptprpNa nfhz;L elj;jpajpy; ,e;j <];;l; 

MdJ xU rhjhuz Mw;wy; nfhz;l caph;cwpQ;rpg; nghUs; 

vd ep&gpf;fg;gl;lJ. ,th;fsJ fz;Lgpbg;Gfs; ];l;uhd;l;ngh;f; 

kw;Wk; gyh; [53] Ma;TfNshL nghUe;jpaJ.

	 Ke;ijia Muha;r;rpfspypUe;J ngwg;gl;l 

nghJKbT vd;dntdpy;> G+Q;ir caphpahdJ xU rhjhuz 

caph;cwpQ;rpg; nghUshf Njhd;WfpwJ vd;whYk; mJ 

midj;J tifahd cNyhf madpfisAk; ftUk; jpwd; 

nfhz;lJ vdyhk;. G+Q;ir caph;gug;Gf;fth;r;rpapy; Ke;ija 

Muha;r;rpfspd; Kf;fpakhd KbTfs; RUf;fkhf ml;ltiz 

2-y; jug;gl;Ls;sJ.

3.3. flw;ghrpfspy; caph;gug;Gf;fth;r;rp

flw;ghrp vd;gJ xU nghpa kw;Wk; gd;Kfg;gl;l $l;lj;ijf; 

nfhz;l caphpdq;fs;.  mJ gr;iraj;ijf; nfhz;bUg;gNjhL 

gpuhzthA xspr;Nrh;f;ifiaAk; elj;JfpwJ [69]. ngUk;ghyhd 
ghrpfs; Ez;zpa msitf; nfhz;bUg;gjhy; mit 

Ez;Zaphpfs; vd fUjg;gLfpwJ vd;whYk; rpy ghrpfspd;> 

Fwpg;ghf flw;ghrpfs;> tbtq;fs; nghpajhf cs;sd.

	 gy;NtW gz;Gfshd gr;iraj;jpd; jd;ik> 

nry;Rth; Ntjpapay; kw;Wk; xU ,lj;jpypUe;J ,d;ndhU 

,lj;jpw;F efUk; jd;ik Mfpait ghrpfis tifg;gLj;j 

gad;gLfpd;wd. mjd;gb> mtw;wpd; gphpT FNshNuhigl;lh> 

Ngigl;lh> NuhNlhigl;lh> A+fpNsNdhigl;lh> f;iuNrhigl;lh> 

fphpg;Nlhigl;lh> raNdhigl;lh kw;Wk; rhNuhigl;lh MFk; 

[69]. Kjy; %d;W gphpTfs; tzpfhPjpahf gy Jiwfspy; 

Kf;fpaj;Jtk; ngw;Ws;sJ. Ngigl;lh (gOg;Gg;ghrpfs;)> 

6
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ghf;Bhpah tif cNyhfk;
cNyhf cs;thq;fy; msT 

(kpfp/fp) rhd;whjhuk;

#Nlhnkhd]; VU[pNdh]h fhl;kpak; 42.4 [32]

#Nlhnkhd]; VU[pNdh]h <ak; 79.5 [32]

#Nlhnkhd]; rpgh]pag jhkpuk; 65.3 [33]

#Nlhnkhd]; Gblh jhkpuk; 6.6 [34]

#Nlhnkhd]; Gblh jhkpuk; 96.9 [35]

#Nlhnkhd]; Gblh fhl;kpak; 8.0 [34]

#Nlhnkhd]; Gblh <ak; 270.4 [35]

#Nlhnkhd]; Gblh <ak; 56.2 [34]

#Nlhnkhd]; Gblh Jj;jehfk; 6.9 [35]

#Nlhnkhd]; ,dq;fs; FNuhkpak;(VI) 95.0 [36]

#Nlhnkhd]; ,dq;fs; fhl;kpak; 278.0 [36]

#Nlhnkhd]; ];ll;N]hp jhkpuk; 22.9 [23]

NuhNlhfhf;f]; xghf;]; <ak;(II) 94.2 [37]

NuhNlhfhf;f]; xghf;]; FNuhkpak;(VI) 73.0 [37]

NuhNlhfhf;f]; xghf;]; Nfhghy;l;(II) 29.8 [37]

];l;/igNyhfhf;f]; i]Nyhr]; FNuhkpak;(VI) 143.0 [36]

];l;/igNyhfhf;f]; i]Nyhr]; fhl;kpak; 250.0 [38]

];l;nug;Nlhik]p]; gpk;gpiudh fhl;kpak; 30.4 [38]

];l;nug;Nlhik]p]; hpNkhr]; Jj;jehfk; 30.0 [39]

];l;nug;Nlhik]p]; hpNkhr]; ,Uk;G(II) 122.0 [40]

];l;nug;Nlhik]p]; hpNkhr]; <ak; 135.0 [41]

];l;nug;Nlhik]p]; hpNkhr]; Jj;jehfk; 80.0 [39]

jNahNgrpy;y]; ngh;NuhMf;]plhd;]; jhkpuk; 39.84 [42]

jNahNgrpy;y]; ngh;NuhMf;]plhd;]; Jj;jehfk; 172.4 [42]

[_f;ypah uhkpn[uh Njhhpak; 67.8 [24]

[_f;ypah uhkpn[uh A+Nudpak; 49.7 [24]

ml;ltiz 1. (njhlh;fpwJ)
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G+Q;ir tif cNyhfk; cNyhf cs;thq;fy; msT (kpfp/fp) rhd;whjhuk;

M];ngh;[py]; ie[h; jhkpuk; 1.7 [50]

M];ngh;[py]; ie[h; jhkpuk; 4.4 [54]

Rhf;fNuhikrp]; nrhptprpNa jhkpuk; 0.4 [55]

hpNrhg]; mh;fpr]; jhkpuk; 16.0 [45]

ngdprpypak; fpiuNrhn[dk; fhl;kpak; 56.0 [56]

Ngdprpypak; ];igDyhrk; fhl;kpak; 0.4 [50]

hpNrhg]; mh;fpr]; fhl;kpak; 30.0 [45]

hpNrhg]; epf;fphpfd;]; fhl;kpak; 19.0 [56]

kpA+fh; nfa;kyp]; FNuhkpak;(VI) 53.5 [57]

epA+Nuh];Nghuh fpuh]h FNuhkpak;(VI) 15.9 [48]

hpNrhg]; mh;fpr]; FNuhkpak; 31.0 [45]

hpNrhg]; mh;fpr]; FNuhkpak;(VI) 4.5 [59]

rhf;fNuhikrp]; nrhptprpNa FNuhkpak;(VI) 3.0 [59]

M];ngh;[py]; ie[h; jq;fk; 176.0 [60]

hpNrhg]; mh;fpr]; jq;fk; 164.0 [60]

mg;rpbah Mh;r;rpb]; <ak; 351.0 [56]

hpNrhg]; mh;fpr]; <ak; 104.0 [45]

ngdprpypak; fpiuNrhn[dk; <ak; 116.0 [51]

hpNrhg]; epf;fphpfd;]; <ak; 166.0 [56]

hpNrhg]; mh;fpr]; ghjurk; 58.0 [45]

mg;rpbahMh;r;rpb]; epf;fy; 5.0 [56]

hpNrhg]; epf;fphpfd;]; epf;fy; 5.0 [56]

ngdprpypak; fpiuNrhn[dk; epf;fy; 11.4 [61]

ghypNghu]; nth;rpFyhh; epf;fy; 57.0 [52]

M];ngh;[py]; ie[h; epf;fy; 2.0 [54]

hpNrhg]; mh;fpr]; nts;sp 54.0 [45]

M];ngh;[py]; nlh;u]; Njhhpak; 60.0 [44]

ngdprpypak; fpiuNrhn[dk; Njhhpak; 142.0 [44]

hpNrhg]; mh;fpr]; Njhhpak; 185.0 [44]

ngdprpypak; fpiuNrhn[dk; A+Nudpak; 70.0 [44]

M];ngh;[py]; nlh;u]; A+Nudpak; 10.0 [44]

hpNrhg]; mh;fpr]; A+Nudpak; 195.0 [45]

ngdprpypak; ];igDyhrk; Jj;jehfk; 0.2 [50]

hpNrhg]; mh;fpr]; Jj;jehfk; 20.0 [45]

M];ngh;[py]; Nghbl]; FNuhkpak;(VI) 2.0 [63]

M];ngh;[py]; ie[h; Nfhghy;l; 2.4 [64]

M];ngh;[py]; ie[h; A+Nudpak; 29.0 [64]

kpA+fh; &f;]p <ak; 17.0 [65]

kpA+fh; &f;]p Jj;jehfk; 4.89 [65]

kpA+fh; &f;]p fhl;kpak; 6.94 [65]

kpA+fh; &f;]p epf;fy; 5.24 [65]

gpNsNuhl]; Nrgpl]; fhl;kpak; 127.0 [66]

gpNsNuhl]; Nrgpl]; ghjurk; 287.0 [66]

gpNsNuhl]; Nrgpl]; Jj;jehfk; 135.1 [67]

ePNuh];Nghuh fpuh]h <ak;(II) 43.3 [68]

ePNuh];Nghuh fpuh]h jhkpuk;(II) 5.55 [68]

ml;ltiz 2. Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l G+Q;irfspd; cNyhf caph;gug;Gf;fth;r;rpj; jpwd;



NuhNlhigl;lh (rptg;Gg;ghrpfs;) kw;Wk; gy f;NshNuhigl;lh 

(gr;irg;ghrpfs;)-tpd; nry; Rth;fs; xU ehh;$l;lhy; MdJk; 

xOq;fw;w cl;nghjpf;fg;gl;l mzpiaAk; nfhz;ljhFk;. 

,tw;Ws; kpfTk; nghJthd ehh;$l;Lg;nghUs; nry;YNyh]; 

MFk;. ,J FNshNuhigl;lh kw;Wk; NuhNlhigl;lhtpy; iryhd; 

vd ,Uf;Fk;> $Ljyhf FNshNuhigl;lhtpy; kd;Ndh]; 

vdTk; cs;sJ. Ngigl;lh flw;ghrpapd; cl;nghjpf;fg;gl;l 

mzpahdJ> ngUk;ghYk; my;[pdpf; mkpyk; (my;[pNdl;) kw;Wk; 

rpwpa msT ry;Ngl; Vw;wg;gl;l ghyprhf;fiuL (g;A+fha;ld;) 

nfhz;bUf;Fk; kWGwk;> Nuhigl;lhthdJ ry;Ngl; Vw;wg;gl;l 

fhyf;ld;i]f; nfhz;lJ [10].
	 caph;gug;Gf;fth;r;rp nray;ghLfs; gy;NtW Ez;ghrpfs; 

kw;Wk; ngUkghrpfs; gad;gLj;jp Nkw;nfhs;sg;gLfpwJ 

(ml;ltiz 3).

3.3.1. Ez;ghrpfs;
lhh;dy; kw;Wk; gyh; [70] ePh;kf;fiurypypUe;J jq;fk;(III)> 
nts;sp (I)> ghjurk;(II)> FNuhkpak;(III)> Nfhghy;l;(II)> epf;fy;(II)> 
jhkpuk;(II)> Jj;jehfk;(II)> <ak;(II)> jfuk;(II)> A+Nudpak;(VI)> 
,Uk;G(III)> nghpypak;(II) kw;Wk; mYkpdpak;(III) madpfis 

gphpf;f Ez;ghrp FNshnuy;yh ty;fhhp];-i] gad;gLj;jpdhh;.  

cNyhf caph;gug;Gf;fth;r;rp fhuj;jd;ik 5 kw;Wk; 7-f;F 

,ilapy; Vw;gl;lJ. Nthq; kw;Wk; gyh; [71] FNshnuy;yh 
ty;fhhp]; kw;Wk; FNshnuy;yh kpdpNal;lh-it epf;fy; 

caph;gug;Gf;fth;r;rpapd; mbg;gilapy; xg;gpl;ldh;. njhFjp 

Nrhjidapd; fPo; FNshnuy;yh ty;fhhp]; kw;Wk; FNshnuy;yh 

kpdpNal;lh-tpd; mjpfgl;r cs;thq;fy; KiwNa 0.641 kw;Wk; 

1.367 kpfp/fp vd fz;lwpag;gl;lJ. Fg;jh kw;Wk; gyh; [72] ePh;k 
fiurypypUe;J FNuhkpak;(VI) ePf;fiy gr;ir Ez;ghrpahd 

];igNuhifuh ,dq;fis nfhz;L Muha;e;jdh;. mth;fs; 

caphpapd; gug;Gf;fth;r;rpj;jpwd; rkepiy fhuj;jd;ikia 

ntFthf rhh;e;Js;sJ vd fz;lwpe;jdh;. fhuj;jd;ik 2-y;> 120 

epkplj;jpy; kw;Wk; 5 kpfp/yp Muk;gr;nrwptpy;> FNuhkpak;(VI)-d; 
mjpfgl;r ePf;fy; 14.7 - 103 kpfp cNyhfk;/fpfp caph; Mf 

,Ue;jJ.

	 f;spk;nkf; kw;Wk; gyh; [73] Kg;gJ Ez;zpa 

ghrp tiffisf; nfhz;L <ak;> fhl;kpak;> epf;fy; kw;Wk; 

Jj;jehfk; Mfpatw;wpd; caph;gug;Gf;fth;r;rpia xg;gpl;ldh;. 

Muha;e;j caphpfspd; kj;jpapy; iyq;gah nla;nyhhp> 

midj;J ehd;F cNyhfq;fspYk; mjpf cs;thq;fy; jpwid 

ntspg;gLj;jpaJ. mg;ghrpahdJ yhq;kpA+h; khjphpapd; gb 

cyh;epiyapy; mjpfgl;r jpwdhf <aj;jpy; 1.47 kpNkhy;/
fp vdTk;> fhl;kpaj;jpy; 0.37 kpNkhy;/fp vdTk;> epf;fypy; 
0.65 kpNkhy;/fp kw;Wk; Jj;jehfj;jpy; 0.49 kpNkhy;/fp vdTk; 
fhl;baJ. irjph; kw;Wk; gyh; [74] Ez;zpa flw;ghrpahd 

rPd;nl];k]; ilkhh;/g]; jpwid fhl;kpak;(II) ePf;fypy; Ma;T 

nra;jdh;. fhuj;jd;ik 6-y; mjpfgl;r gug;Gf;fth;r;rpj; jpwd; 

2.47 kpfp/fp vd mwpag;gl;lJ. /Nghhpah; mfr;rptg;G epwkhiy 

Ma;tpypUe;J Kf;fpa nray;ghl;Lf; FOthd i`l;uhf;rpyhdJ 

fhl;kpak;(II) madpfspd; caph;gug;Gf;fth;r;rpapy; gq;fspj;jJ 

vd milahsk; fhzg;gl;lJ.

	 Ez;zpa flw;ghrpahdJ> ghf;Bhpah kw;Wk; G+Q;ir 

Nghy;> Fiwe;j mlh;j;jpAld; $ba rpwpa Jfs;fisAk;> 

Fiwthd ve;jputpay; typik kw;Wk; fbdj;jd;ikiaAk; 

nfhz;Ls;sJ. ,jdhy;> njhlh; mikg;Gfspy; ,e;j tif 

caphpapd; caph;gug;Gf;fth;r;rp gad;ghL gw;wp ntFthf 

Muha;r;rpfs; Nkw;nfhs;sg;gltpy;iy.

3.3.2. ngUk; ghrpfs;
gpugykhf flw;ghrp vd miof;fg;gLk; fly;tho; ngUk;ghrpfs; 

caph;gug;Gf;fth;r;rp Ma;Tfspy; tphpthf gad;gLj;jg;gl;Ls;sJ. 

mitfs; gytifg;gl;l cNyhfq;fspd; cs;thq;fy; jpwdpy; 

Kj;jpiu gjpj;Js;sJ (ml;ltiz 3). ngUk; flw;ghrpfs; 

caph;gug;Gf;fth;r;rpapy; ed;ik jUk; Vnddpy;> mjd; nghpa 

fl;likg;Gfs; cwpQ;Rk; nray;Kiw gad;ghLfSf;Fj; jFe;j 

trjpahd Jfs;fisj; jUk; [9,14].
	 flw;ghrpfs; ngUk;ghyhd cyf rKj;jpuq;fspy; 

ntF kpFjpahf fhzg;gLfpwJ> NkYk; ,itfs; 

epiyahdjhfTk; Ntfkhf tsh;tjhfTk; cs;sd [86,95]. 
Mdhy;> mjpfg;gbahd flw;ghrpfs; rKj;jpuq;fspd; mofpa 

#oiy nfLg;gNjhL mit flw;fiuia fiwgbe;jjhf 

Mf;Ftjd; %yk; Rw;Wr;#oiy ghjpf;fpd;wd [96]. vdNt 

flw;ghrpfis caph;gug;Gf;fth;r;rp nghUshf gad;gLj;Jtjpd; 

%yk;> fly; njhopy; rhh;e;j r%f kf;fSf;F ed;ik gaf;Fk;. 

flw;ghrpfspd; caph;gug;Gf;fth;r;rp jpwd; mjd; nry; Rtiu 

rhh;e;jpUf;Fk; [95,97]. flw;ghrpfspd; %d;W gphpTfs; mjhtJ> 

gOg;G> gr;ir kw;Wk; rptg;G Mfpait cNyhfq;fis 

<h;f;ff;$ba caph;gug;Gf;fth;r;rpia fhl;b cs;sd.

	 gOg;Gg;ghrpfs;> mjd; ghyprhf;fiuL cs;slf;fj;jpd; 

fhuzkhf gutyhf gad;gLj;jg;gLk; Xh; cNyhf caph;cwpQ;rpg; 

nghUshFk; [14,69]. gy Muha;r;rpahsh;fs; gOg;Gf; 

flw;ghrpfspy; cs;s my;[pdpf; mkpyk;> my;[pNdl; kw;Wk; 

my;[pdpf; mkpy cg;G Mfpait cNyhf gphpg;gpy; Kf;fpa 

gq;F mspg;gjhf $wpAs;sdh; [69,95]. nghJthf gOg;Gg; 

ghrpfspYs;s Vuhskhd mkpy nray;ghl;Lf; FOf;fspy; 

fhh;ghf;]py; FOf;fs; mjpfk; cs;sd. cjhuzkhf> cyh;e;j 

gOg;Gg;ghrpapy; fhh;ghf;]py; FOf;fshdJ nghJthf 70%-
f;Fk; Nky;; ,Uf;Fk; vd kjpg;gPL nra;ag;gl;Ls;sJ [69]. 
,uz;lhtjhf> /Gfha;ldpd; ry;Nghdpf; mkpyk; kpFjpahf 

,Uf;Fk;. ry;Nghdpf; mkpyFOf;fs; nghJthf ,uz;lhk; 

vz;zpf;ifapy; ,Ue;jhYk; Fiwe;j fhuj;jd;ikapy; cNyhf 

gpizg;G Vw;gLk;NghJ Kjd;ik gq;F Mw;Wk; [98]. midj;J 

ghyprhf;fiuLfspYk; i`l;uhf;rpy; FOf;fSk; ,Uf;fpwJ. 

Mdhy; mit Fiwthd vz;zpf;ifapy; ,Uf;Fk; [69]. gy;NtW 
gOg;G flw;ghrpfshd rh;fhrk;> lh;gpNdhpah> m];nfhigyk; 

kw;Wk; yhkpNdhpah ,dq;fs; cNyhf caph;gug;Gf;fth;r;rpapy; 

ed;whf nray;gl;Ls;sd.

	 kWGwk; gr;irg; ghrpahdJ ntFrpy Muha;r;rpfspNy 

cNyhf caph;gug;Gf;fth;r;rp nghUshf gad;gLj;jg;gl;Ls;sJ. 

mjd; kj;jpapy;> n\Nuhnay; kw;Wk; gyh; [92] 
ePh;kf;fiurypypUe;J ghjurk;(II) caph;gug;Gf;fth;r;rpia 

cy;th yhf;Lfh gr;ir flw;ghrpia nfhz;L Ma;T nra;jdh;. 

njhFjp rkepiy Nrhjidfs; %yk; yhq;kpA+h; gug;Gf;fth;r;rp 

rkntg;gepiyapd; gb> fhuj;jd;ik 3.5> 5.5 kw;Wk; 7-y; 

mjpfgl;r ghjur cs;thq;fpy; kjpg;Gfspd; KiwNa 27.3> 

84.7 kw;Wk; 149.6 kpfp/fp Mf fz;lwpag;gl;lJ. tp[auhftd; 

kw;Wk; N[h\p [99] ghjurk;(II) madpfspd; epf;fypy; cy;th 

,dq;fspd; caph;gug;Gf;fth;r;rpf;fhd rhj;jpaj;ij ,uz;L 

gOg;Gg; ghrpfNshL (rh;fhrk; kw;Wk; lh;gpNdhpah nfhdha;l;];) 

xg;gpl;ldh;. mth;fs; gr;irg;ghrpfis tpl ,uz;L gOg;Gg; 

ghrpfSk; mjpf ghjur cs;thq;fis gjpT nra;tij 

ftdpj;jdh;.

	 gr;irg;ghrpfisg; Nghy; rptg;Gg;ghrpfspYk; 

kpf rpy caph;gug;Gf;fth;r;rp Ma;Tfspy; kl;Lk; 

Nrhjidaplg;gl;bUf;fpd;wd. nghJthf> rptg;Gf; flw;ghrpfs; 
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F. tp[auhftd;> mwptpay;> nghwpapay; kw;Wk; njhopy;El;g Ma;T E}y;> gFjp 1> vz; 1> gf;fq;fs; 2-24> 2016

ghrp tif cNyhfk; cNyhf cs;thq;fy; msT (kpfp/fp) rhd;whjhuk;

m];Nfhigyk; NehNlh]k; fhl;kpak; 215.0 [75]

m];Nfhigyk; NehNlh]k; Nfhghy;l; 156.0 [76]

m];Nfhigyk; NehNlh]k; jq;fk; 24.0 [60]

m];Nfhigyk; NehNlh]k; <ak; 270-360 [77]

m];Nfhigyk; NehNlh]k; epf;fy; 30.0 [77]

m];Nfhigyk; NehNlh]k; fhl;kpak;(II) 87.7 [78]

m];Nfhigyk; NehNlh]k; epf;fy;(II) 43.3 [78]

m];Nfhigyk; NehNlh]k; Jj;jehfk;(II) 42.0 [78]

m];Nfhigyk; NehNlh]k; jhkpuk;(II) 58.8 [78]

m];Nfhigyk; NehNlh]k; <ak;(II) 178.6 [78]

m];guhg;rp]; mh;klh fhl;kpak;( II) 32.3 [78]

m];guhg;rp]; mh;klh epf;fy;(II) 17.1 [78]

m];guhg;rp]; mh;klh Jj;jehfk;(II) 21.6 [78]

m];guhg;rp]; mh;klh jhkpuk;(II) 21.3 [78]

m];guhg;rp]; mh;klh <ak;(II) 63.7 [78]

FNshnuy;yh kpdpNal;lh epf;fy; 1.4 [71]

FNshnuy;yh kpdpNal;lh jhkpuk; 23.3 [79]

FNshnuy;yh kpdpNal;lh epf;fy; 20.4 [79]

FNshnuy;yh ty;fhp]; FNuhkpak;(VI) 3.5 [80]

FNshnuy;yh ty;fhp]; FNuhkpak;(VI) 23.0 [81]

FNshnuy;yh ty;fhp]; jhkpuk; 40.0 [81]

FNshnuy;yh ty;fhp]; epf;fy; 42.3 [81]

FNshnuy;yh ty;fhp]; epf;fy; 0.6 [71]

FNshnuy;yh ty;fhp]; fhl;kpak; 33.7 [73]

FNshnuy;yh ty;fhp]; epf;fy; 24.1 [73]

FNshnuy;yh ty;fhp]; <ak; 97.4 [73]

FNshnuy;yh ty;fhp]; Jj;jehfk; 24.2 [73]

rhd;bu]; fphp];g]; jq;fk; 76.0 [60]

rhd;bu]; fphp];g]; fhl;kpak;(II) 75.2 [78]

rhd;bu]; fphp];g]; epf;fy;(II) 37.2 [78]

rhd;bu]; fphp];g]; Jj;jehfk;(II) 45.7 [78]

rhd;bu]; fphp];g]; jhkpuk;(II) 40.5 [78]

rhd;bu]; fphp];g]; <ak;(II) 204.1 [78]

fpNsNlh/Nghuh FNshnkul;lh <ak; 75.0 [82]

FNshNlh/ghuh fphp];glh FNuhkpak;(II) 3.0 [80]

Nfhbak; nth;kpyhuh fhl;kpak;(II) 21.8 [78]

Nfhbak; nth;kpyhuh epf;fy;(II) 13.2 [78]

Nfhbak; nth;kpyhuh Jj;jehfk;(II) 23.8 [78]

Nfhbak; nth;kpyhuh jhkpuk;(II) 16.9 [78]

Nfhbak; nth;kpyhuh <ak;(II) 63.3 [78]

rp];Nlhnra;uh fpiudpNlhigyh jhkpuk; 160 [83]

/G+f]; ntrpFNyhr]; <ak; 270-360 [77]

/G+f]; ntrpFNyhr]; epf;fy; 40.0 [77]

fpuh]pNyhpah fdhypFyl;lh <ak; 36.0 [82]

fpuh]pNyhpah nrQ;ir fhl;kpak; 0.24 [84]

fpuh]pNyhpah fhh;bfl;lh <ak; 50.0 [82]

ml;ltiz 3. Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l ghrpfspd; cNyhf caph;gug;Gf;fth;r;rpj; jpwd;
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F. tp[auhftd;> mwptpay;> nghwpapay; kw;Wk; njhopy;El;g Ma;T E}y;> gFjp 1> vz; 1> gf;fq;fs; 2-24> 2016

ghrp tif cNyhfk; cNyhf cs;thq;fy; msT (kpfp/fp) rhd;whjhuk;

fpuh]pNyhpah vLyp]; fhl;kpak; 0.24 [84]

fpuh]pNyhpah rhypfhh;dpah fhl;kpak; 0.16 [84]

gbdh gNthdpah <ak; 210.0 [82]

gy;Nkhpah nll;uh];Nlhkhbfh fhl;kpak; 0.53 [84]

gy;Nkhpah gy;kl;lh jq;fk; 124.0 [60]

gy;Nkhpah lNtuh jq;fk; 164.0 [60]

ghyprpNghdpah tayhrpah <ak; 100.0 [82]

rh;fhrk; ghf;FNyhpah fhl;kpak; 0.74 [84]

rh;fhrk; /gpypngd;Lyh jhkpuk; 56.0 [85]

rh;fhrk; g;Slhd;]; jhkpuk; 51.0 [86]

rh;fhrk g;Slhd;]; A+Nudpak; 566.0 [86]

rh;fhrk; Grp/Nghh;k;]; ghjurk;(II) 30.9 [87]

rh;fhrk; Grp/Nghh;k;]; jhkpuk;(II) 7.69 [87]

rh;fhrk; fp];bhpf;]; <ak; 265.0 [82]

rh;fhrk; elhd;]; fhl;kpak; 135.0 [75]

rh;fhrk; elhd;]; <ak; 220-270 [77]

rh;fhrk; elhd;]; epf;fy; 24-44 [77]

rh;fhrk; elhd;]; <ak; 224.0 [82]

rh;fhrk; rpypFtrk; fhl;kpak; 0.73 [84]

rh;fhrk; ,dq;fs; Md;bNkhdp(III) 14.9 [88]

rh;fhrk; ty;fNu jhkpuk; 59.0 [85]

rPd;nl];k]; Mg;ypf]; FNuhkpak;(VI) 15.6 [81]

];igNuhifuh ,d;irdp]; jhkpuk; 20.0 [81]

];igNuhifuh ,d;irdp]; epf;fy; 18.7 [81]

irdpfhf;brp]; fhl;kpak;(II) 22.9 [78]

irdpfhf;brp]; epf;fy;(II) 17.5 [78]

irdpfhf;brp]; Jj;jehfk;(II) 21.1 [78]

irdpfhf;brp]; jhkpuk;(II) 19.3 [78]

irdpfhf;brp]; <ak;(II) 51.5 [78]

irdpfhf;brp]; ,dq;fs; FNuhkpak;(VI) 19.2 [81]

irdpfhf;brp]; ,dq;fs; jhkpuk; 23.4 [81]

irdpfhf;brp];; ,dq;fs; epf;fy; 15.8 [81]

lh;gpNdhpah nfhdha;l;]; mYkpdpak; 63.9 [89]

lh;gpNdhpah nfhdha;l;]; fhl;kpak; 107.9 [89]

lh;gpNdhpah nfhdha;l;]; yhe;jdk; 154.7 [90]

lh;gpNdhpah nfhdha;l;]; rPhpak; 152.8 [90]

lh;gpNdhpah nfhdha;l;]; INuhg;gpak; 138.2 [90]

lh;gpNdhpah nfhdha;l;]; nlh;gpak; 121.2 [90]

lh;gpNdhpah nfhdha;l;]; Md;bNkhdp(III) 18.1 [88]

lh;gpNdhpah Xh;dhl;lh jhkpuk; 147.1 [91]

cy;th yhf;Lfh <ak; 125.0 [82]

cy;th yhf;Lfh ghjurk; 149.3 [92]

cy;th yhf;Lfh <ak;(II) 34.7 [93]

cy;th yhf;Lfh fhl;kpak;(II) 29.2 [93]

cy;th ,dq;fs; FNuhkpak;(III) 150.3 [94]

cy;th ,dq;fs; khq;fdPR 58.8 [94]

ml;ltiz 3. (njhlh;fpwJ)



cNyhf gug;Gf;fth;r;rpapy; ed;whf nray;gl;ljpy;iy. 

,jd;fhuzk; vd;dntd;why; gOg;Gg;ghrpfis tpl 

rptg;Gg;ghrpfs; mjpf Neh;kpd; jsq;fisf; nfhz;Ls;sJ. 

mjdhy; rptg;Gg;ghrpfs; Neh;kiw jpwNdw;wg;gl;l cNyhf 

madpfis fth;tjpy; Fiwe;j ehl;lk; nfhz;ljhf cs;sJ. 

`hrpk; kw;Wk; # [84] Nkw;nfhz;l Muha;r;rpapy; midj;J 

rptg;G flw;ghrpfSk; (fpNurpNyhpah nrQ;ir> fpNurpNyhpah 

vLyp]; kw;Wk; fpNurpNyhpah rypNfhh;dpah) kpf Fiwthd 

fhl;kpak; gug;Gf;fth;r;rpj; jpwid ntspg;gLj;jpaJ. gputPd; 

kw;Wk; tp[auhftd; [100] fg;ghigf]; my;thpir vd;w 

rptg;Gf; flw;ghrpiaf; nfhz;L jhkpuk;(II)> epf;fy;(II)> 
fhl;kpak;(II) kw;Wk; <ak;(II) Mfpa cNyhf madpfis 

eph;kf;fiurypypUe;J ePf;f Ma;T Nkw;nfhz;ldh;. ,th;fs;> 

/Nghhpah; mfr;rptg;G epwkhiy kw;Wk; CLUtp vyf;l;uhd; 

Ez;Nzhf;fhb gFg;gha;tpd; %yk; Neh;kiw jpwNdw;wg;gl;l 

cNyhf madpfs; fg;ghigf]; my;thpir Nkw;gug;gpYs;s 

vjph;kiw jpwNdw;wg;gl;l nray;ghl;Lf; FOf;fNshL njhlh;G 

nfhs;fpd;wd vd fz;lwpe;jdh;. mth;fs; fhuj;jd;ik 4.5-y; 

caph;gug;Gf;fth;r;rp rkntg;gepiyfis kjpg;gpl;ldh; kw;Wk; 

fg;ghigf]; my;thpir-apd; mjpfgl;r cs;thq;fy;> <ak; (0.51 

kpNkhy;/fp)> fhl;kpak; (0.48 kpNkhy;/fp)> jhkpuk; (0.47 kpNkhy;/
fp) kw;Wk; epf;fy; (0.38 kpNkhy;/fp) vd Fwpg;gpl;Ls;sdh;.
	 ghrpfspd; Ke;ija Muha;r;rpapypUe;J ngwg;gl;l 

nghJthd mDkhdk; vd;dntdpy;> gOg;Gg;ghrpfs; kw;w 

ghrpfis tpl caph;gug;Gf;fth;r;rpapy; rpwg;ghd nray;ghl;ilf; 

nfhz;Ls;sJ vd;gjhFk;. ml;ltiz 3-y; ghrpfspd; 

caph;gug;Gf;fth;r;rpAk; mjd; Kf;fpakhd KbTfSk; 

RUf;fkhf jug;gl;Ls;sd.

3.4. njhopw;rhiy fopTfspd; %yk; caph;gug;Gf;fth;r;rp

caph;gug;Gf;fth;r;rp nray;ghl;by; fth;r;rpg;nghUspd; gad;ghl;Lr; 

nryT vd;gJ xU Kf;fpa msTWthf ,Uf;fpwJ. vdpDk; 

fth;r;rpg;nghUspd; nryit ntF rpy Muha;r;rpahsh;fNs 

mwp;f;ifapl;Ls;sdh;. nghJthf xU cwpQ;R nghUSf;F 

rpwpa nrayhf;fk; Njit vd;whYk;> ,aw;ifapy; Vuhskhf 

cs;sJ vd;whYk;> my;yJ kw;w njhopy; JiwapypUe;J 

ngwg;gl;l nghUs; my;yJ fopTg;nghUs; vd;whYk; mit 

Fiwe;j nryitf; nfhz;ljhf fUjg;gLfpwJ.

	 rpy Muha;r;rpahsh;fs;> njhopy;Jiw fopTfshd 

fpsh;j;jpa frL> rpl;Nlhd;]; nghUl;fs; kw;Wk; tpyq;Ffspd; 

vYk;Gfs; Nghd;wtw;iwf; nfhz;L kypthd kw;Wk; gaDs;s 

cNyhf cwpQ;R nghUl;fis jahhpj;jpUf;fpd;wdh;.

	 `k;khapdp kw;Wk; gyh; [101] fpsh;j;jpa frL %yk; 

<aj;jpd; Kd;dzp tpisTfis jhkpuk;> fhl;kpak; kw;Wk; 

Jj;jehf caph;gug;Gf;fth;r;rpapy; Ma;T nra;jdh;. mth;fs; 

rkepiy gug;Gfisg; gw;wp tpthpf;f %d;W tif yhq;kpA+h; 

khjphpfis cgNahfg;gLj;jpdh;. caph;gug;Gf;fth;r;rpapd; NghJ> 

<akhdJ jhkpuk;> fhl;kpak; kw;Wk; Jj;jehf cs;thq;fypy; 

FWf;fpl;lJ. flhy; kw;Wk; gyh; [102] ePh;j;j fiurypypUe;J 
Jj;jehfk;(II) madpfis ePf;Ftjw;fhf cyh;e;j fril 

gad;gLj;jpdh;. ,f;fth;r;rpapd; NghJ> Jj;jehfk;(II)-tpd; 
mjpfgl;r caph;gug;Gf;fth;r;rp 88.5 rjtPjkhf ,Ue;jJ.

	 rpl;bd; nfhz;l caph;nghUl;fs; Nkk;gl;l cNyhf 

caph;cwpQ;rpg; nghUl;fshf fz;lwpag;gl;Ls;sd [103,104]. 
rpl;bd; MdJ G+Q;ir> G+r;rp> ,why; kw;Wk; rpwpa fly; 

caphpfspypUe;J nghJthf ngwg;gLfpwJ. Fwpg;ghf> fly; 

czT nrayhf;fj;jpypUe;J ntspNaw;wg;gLk; ez;Lfspd; 

Gw clw;$l;L fopTfspypUe;J rpl;bd; ngUthhpahf 

jahhpf;fg;gLfpwJ. rkPgj;jpa Ma;T fl;Liufs;> ez;L $L 

xU kpf rpwe;j caph;cwpQ;rpg; nghUshf giwrhw;Wfpd;wd. 

Fwpg;ghf> Mh;rpdpf; [105]> FNuhkpak; [106]> jhkpuk; [107]> 
Nfhghy;l; [107] kw;Wk; epf;fy; [108] Mfpa cNyhf madpfis 

ez;L $Lfs; kpf rpwg;ghf ePh;j;j fiurypypUe;J gphpj;njLj;J 

,Uf;fpd;wd. tp[auhftd; kw;Wk; gyh; [108] Fwpg;gpLtJ 

ahnjdpy;> ez;L $lhdJ epf;fy;(II) madpfis   jpwk;gl 

gpizg;gNjhL> mjd; kpf fbdkhd mikg;G caph;cwpQ;rp 

kPSUthf;fk; kw;Wk; VO Row;rpfspy; kWgad;ghL Mfpatw;iw 

mDkjpf;fpwJ.

	 tpyq;F vYk;ghdJ xU tpj;jpahrkhd cwpQ;R 

nghUshFk;. ,g;nghUshdJ cNyhf fth;r;rpapy; ey;y 

KbTfis fhl;bAs;sJ kw;Wk; gy;NtW cNyhf madpfspy; 

ey;y ,zf;fj;ij ntspg;gLj;jpAs;sJ. my;-mrh kw;Wk; gyh; 

[109] cgNahfg;gLj;jg;gl;l tpyq;F vYk;Gfis nfhz;L 

jhkpuk; kw;Wk; epf;fy; madpfis ePh;kfiurypypUe;J ePf;f 

Kw;gl;ldh;. ,e;j Ma;tpd; Kbtpy; tpyq;F vYk;ghdJ madp 

ghpkhw;w nghwpKiw %yk;> mjpf jhkpu cs;thq;Fk; jpwid 

ntspg;gLj;jpaJ. Nrh[;ef;fh [110] tpyq;F vYk;Gfis 

gad;gLj;jp ePh;kfiurypypUe;J FNuhkpak;(VI) madpfis 

ePf;f Ma;T Nkw;nfhz;lhh;. tpyq;F vYk;ghdJ jpwikahd 

fth;r;rpg;nghUs; vd fz;lwpag;gl;lJ. mjd; mjpfgl;r 

ghpNrhjid fth;r;rpj;jpwd;> cfe;j ntg;gepiy (50 o nry;rpa];) 

kw;Wk; fhuj;jd;ik 5-y;> 194 kpfp/fp vd;W jPh;khdpf;fg;gl;lJ.
	 cNyhf khRgl;l fiury;fs; Rj;jg;gLj;j> rpy 

Kf;fpa njhopy;Jiw fopTfs; caph;gug;Gf;fth;r;rpg; nghUshf 

gad;gLj;jg;gl;lJ. mit ml;ltiz 4-y; njhFf;fg;gl;Ls;sd.

3.5. Ntshz; fopTfs; %yk; caph;gug;Gf;fth;r;rp
	

tptrhag;nghUl;fs;> Fwpg;ghf nry;YNyh]; nfhz;l 

nghUl;fs;> mjpf cNyhf caph;gug;Gf;fth;r;rp jpwidf; 

fhl;LfpwJ. tptrha fopTg;nghUl;fspd; mbg;gil $Wfspy; 

n`kpnry;YNyh];> ypf;dpd;> nfhOg;G mkpyq;fs;> Gujq;fs;> 

vspa rh;f;fiufs;> ePh; i`l;Nuh fhh;gd;fs; kw;Wk; ];lhh;r; 

Mfpait mlq;Fk;. ,it midj;Jk; gy;NtW nray;ghl;Lf; 

FOf;fisf; nfhz;bUg;gjhy;> cNyhf caph;gug;Gf;fth;r;rpapy; 

ed;F nrayhw;WfpwJ [126]. NkYk;> tptrha fopTg;nghUl;fs; 

nfhz;L nra;ag;gLk; caph;gug;Gf;fth;r;rpahdJ nryT Fiwe;j 

Af;jpahfTk;> mjpf nray;jpwd; nfhz;ljhfTk;> nghUshjhu 

kw;Wk; Rw;W #oy; el;ghfTk; cs;sJ. Muha;r;rpfs; %yk; 

gy;NtW tptrha fopTg;nghUl;fshd mhprp jtpL> mhprp 

ckp> NfhJik jtpL> NfhJik ckp> gy;NtW jhtuq;fspd; 

kuj;J}s;> kuq;fspd; gl;il> epyf;fliy $Lfs;> Njq;fha; 

XLfs;> njd;id ehh;f;fopT> cSe;J ckp> gUg;gpd; XLfs;> 

thJik nfhl;ilapd; XLfs;> fopT B ,iyfs;> Nrhs 

fhk;G Kid> fUk;G rh;f;fiu cw;gj;jpapy; cz;lhFk; fopT> 

MuQ;R goj;Njhy;> ePh; gJkuhfk;> rh;f;fiu ts;spf;fpoq;F 

$o;> #hpafhe;jpj; jz;Lfs;> fhgp gPd;]; kw;wk; gy rpwe;j 

cNyhf caph;gug;Gf;fth;r;rp nghUshf rpj;jfhpf;fg;gl;Ls;sd 

[127,128].
	 ml;ltiz 5-y;> cNyhf caph;gug;Gf;fth;r;rpg; 

nghUshf gad;gLj;jg;gl;l Ntshz; fopTfs; Fwpj;j rpy 

Kf;fpa Ma;Tfs; RUf;fkhf jug;gl;Ls;sJ.
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4. cNyhf mfw;Wjypy;                                                                                                                                       
 caph;gug;Gf;fth;r;rpapd; nghwpKiwfs;

caph;gug;Gf;fth;r;rpahdJ nry;Rtw;wpd; Nkw;gug;gpy; Vw;gLk; 

xU nray;ghlhFk;. ,e;j KiwahdJ> ,we;j/nrayw;w 
nry;fs; %yk; eilngWk; vd;gjhy;> caph;gug;Gf;fth;r;rp 

nghUspd; ,urhad nray;ghl;Lf;FOf;fs; Kf;fpa gq;F 

tfpf;fpwJ. nry;Yyhh; Mf;ff;$Wfspd; jd;ik fhuzkhf> 

gy nray;ghl;Lf; FOf;fshd fhh;ghf;]py;> gh];NghNdl;> 

mikd; kw;Wk; i`l;uhf;rpy; FOf;fs; caphpapd; nry;Rthpy; 

,lk;ngw;Ws;sd. ,tw;Ws; vjph;kiwahf jpwNdw;wg;gl;l 

kw;Wk; mjpfg;gbahf nry;Rthpy; fpilf;ff;$ba                 

fhh;ghf;]py; FOf;fs; cNyhf vjpuazpfspd; gpizg;gpy; 

jPtpukhf gq;Nfw;fpd;wd. Nfhyg; kw;Wk; gpiua;nld;ngf; 

[157] jq;fsJ Muha;r;rpapy; ];l;nug;Nlhikrp]; gpNyhr];-d; 

nry;Rth; ngg;bNlhfpisfhdpy; cs;s fhh;ghf;]py; FOf;fs; 

fhg;gh; gpizg;gpy; Kf;fpa gq;F Mw;wpajhf Rl;bf;fhl;b 

cs;sdh;. ,Jjtpu> Neh;kiw jpwNdw;wg;gl;l mikd; 
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njhopy;Jiw fopTfs; tif cNyhfk;
cNyhf cs;thq;fy; 

msT (kpfp/fp)
rhd;whjhuk;

fpsh;j;jpa frL fhl;kpak;(II) 28.0 [101]

fpsh;j;jpa frL jhkpuk;(II) 19.05 [101]

fpsh;j;jpa frL epf;fy;(II) 8.85 [101]

fpsh;j;jpa frL <ak;(II); 142.8 [101]

fpsh;j;jpa frL Jj;jehfk;(II) 15.6 [101]

fpsh;j;jpa frL ,Uk;G(III) 75.8 [111]

fpsh;j;jpa frL khq;fdPR(II) 44.8 [111]

tpyq;F vYk;Gfs; FNuhkpak;(III) 194.0 [110]

tbg;ghiyf; fopT <ak;( II) 85.5 [112]

tbg;ghiyf; fopT nts;sp(I) 42.8 [112]

tbg;ghiyf; fopT ];l;uhz;bak;(II) 72.3 [112]

tbg;ghiyf; fopT rPrpak;(I) 10.1 [112]

ez;L $L (Nfd;rh; gFu];) jhkpuk; 79.4 [113]

ez;L $L (Nfd;rh; gFu];) ghjurk;(II) 13.0 [114]

ez;L $L (rpd;NehdprpNl]; xgpypNah) fhl;kpak; 199.0 [115]

ez;L $L (rpd;NehdprpNl]; xgpypNah) FNuhkpak;(III) 55.1 [115]

ez;L $L (rpd;NehdprpNl]; xgpypNah) jhkpuk; 62.2 [115]

ez;L $L (rpd;NehdprpNl]; xgpypNah) <ak; 267.3 [115]

ez;L $L (ikah ];$dpNlh) fhl;kpak; 165.2 [116]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) rPhpak; 144.9 [117]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) Nfhghy;l; 322.6 [107]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) jhkpuk; 243.9 [107]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) INuhg;gpak; 49.5 [117]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) yhe;jdk; 140.1 [118]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) khq;fdPR 69.9 [119]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) epf;fy; 169.5 [120]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) Jj;jehfk; 123.7 [119]

ez;L $L (Nghh;Ld]; biul;A+gh;Fyl];) <ak; 870.0 [121]

ez;L $L (Nghh;Ld]; rq;FapNdhnyd;l];) Mh;rdpf;(V) 12.8 [122]

ez;L $L (Nghh;Ld]; biul;A+gh;Fyl];;) Nfhghy;l; 510.0 [123]

ez;L $L (A+rpl]; fhh;ll];) Mh;rdpf; (V) 8.3 [105]

ez;L $L (A+rpl]; fhh;ll];) FNuhkpak;(V) 28.1 [124]

ez;L $L (A+rpl]; fhh;ll];) jq;fk; 33.5 [124]

ez;L $L (A+rpl]; fhh;ll];) nrypdpak; 11.8 [124]

ez;L $L (A+rpl]; fhh;ll];) tNdhbak; 40.2 [124]

Kl;il Xl;Lj;J}s; <ak;(II) 577.0 [125]

ml;ltiz 4. Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l njhopy;Jiw fopTfspd; cNyhf caph;gug;Gf;fth;r;rpj; jpwd;



FOf;fSk; cNyhf madpfs; ePf;Fjypy; kpfTk; gaDs;sjhf 

cs;sd. ,it Neh;kpd; cNyhf madpfis ,Lf;fp ,izg;G 

%yKk;> euadp cNyhf ,dq;fis kpd;dpapy; njhlh;G 

my;yJ i`l;u[d; gpizg;gpd; topahfTk; <h;f;fpwJ. fhq;f; 

kw;Wk; gyh; [158] Nkk;gLj;jg;gl;l mikd; FOf;fs; fhu 3-y;> 

vjph;kiw jpwNdw;wg;gl;l FNuhNkl; madpfis kpd;dpay; 

njhlh;G %yk; <h;j;jJ vd fz;lwpe;jdh;.

	 caphpapd; ,ay;gha;T kw;Wk; caph;gug;Gf;fth;r;rpapd; 

nghwpKiwfis gy;NtW njhopy;El;gj;jhy; fz;lwpayhk;. 

,jpy;> nghnld;rpNahnkl;hpf; juk;gphpj;jy; [159,160,161]>         
/Nghhpah; mfr;rptg;G epwkhiyapay; [21,162]> vf;];-fjph; 

rpjwy; [163]> CLUtp vyf;l;uhd; Ez;Nzhf;fhb [21,164,165]> 
tpirkhw;wk; vyf;l;uhd; Ez;Nzhf;fhb [162,166,167] kw;Wk; 

rf;jp gphpif vf;];-fjph; Ez;gFg;G [21,163,168] Kiwfs; 

caph;gug;Gf;fth;r;rp Muha;r;rpapy; kpFjpahf gad;gLj;jg;gl;L 

,Uf;fpd;wd.

5. caph;gug;Gf;fth;r;rpapd; Nrhjid  
 eilKiwfs;

caph;gug;Gf;fth;r;rp nray;Kiw gy Kiwfspd; 

topahf nray;gLj;jyhk;. mtw;wpy;> njhFjp kw;Wk; 

njhlh;r;rpahd rpfpr;ir Kiwfisf; nfhz;L Ma;tf 

mstpy; caph;gug;Gf;fth;r;rp nray;Kiwfs; ngUk;ghYk; 

elj;jg;gLfpd;wd. njhopy;Jiw gad;ghLfspy; njhlh; 

rpfpr;ir Kiw kpfTk; Vw;wJ vd;whYk;> njhFjp Nrhjidfs; 

Njitahd mbg;gil jfty; kjpg;gPLfisj; ju cjTfpwJ. 

mjhtJ> caph;cwpQ;rpg; nghUl;fspd; jpwd;> cfe;j 

ghpNrhjid epiyfs;> caph;gug;Gf;fth;r;rp tpfpjk; kw;Wk; 

caphp kWgad;ghL rhj;jpa $Wfs; njhFjp Nrhjidfs; 

%yk; fz;lwpayhk;.

5.1. njhFjp caph;gug;Gf;fth;r;rp nray;Kiwia 
ghjpf;Fk; fhuzpfs;

	 njhFjp caph;gug;Gf;fth;r;rp nray;Kiwia tpsf;Fk; 

cUtfpg;G glk; 1-y; jug;gl;Ls;sJ. njhFjp Nrhjidfs; 

nghJthf caph;gug;Gf;fth;r;rpiag; ghjpf;Fk; fhuzpfisg; 

gw;wp Muha;tjw;fhf Nkw;nfhs;sg;gLfpwJ (glk; 2). Kf;fpa 

fhuzpfs; gpd;tUkhW:

(m) fiurypd; fhuj;jd;ik

(M) ntg;gepiy

(,) caph;nghUspd; msit

(<) caph;nghUspd; msT

(c) Muk;g fiug;ghd; nrwpT

(C) fyf;Fk; tpfpjk;

(v) madpj;jpwd;

(V) $l;L madpfs;

	 ,tw;wpy;> fiurypd; fhuj;jd;ikahdJ tof;fkhf 

caph;gug;Gf;fth;r;rpapy; xU Kf;fpa gq;F tfpf;fpwJ. 

Fwpg;ghf cNyhfq;fspd; fiury; Ntjpapaypd; nray;ghL 

kw;Wk; caphpapd; nray;ghl;Lf; FOf;fis ghjpf;Fk; vd 

mwpag;gLfpwJ [7,86,169]. mjpf fiury; fhuj;jd;ikapd; NghJ> 

cNyhf fPo;gbjy; Vw;gLj;Jtjw;F mjpf rhj;jpa $Wfs; 

cs;sd. ,e;epiy Vw;gLnkdpy;> fth;r;rp nray;ghl;Lj; jpwid 

mwpa rpf;fy; Vw;gLk;. NkYk;> caph;gug;Gf;fth;r;rp nghUspy; 

cs;s gpizg;Gj; jsq;fspd; nray;ghl;il> fhuj;jd;ikia 

rhpnra;jypd; %yk; khw;wyhk;.

	 fle;j Muha;r;rpfspd; mbg;gilapy;> ntg;gepiy 20 

Kjy; 35 onry;rpa]; tiuapy; kl;LNk caph;gug;Gf;fth;r;rpiag; 

ghjpf;Fk; vd njhpfpwJ [170]. cah; ntg;gepiyfs; nghJthf 

gug;Gf;fth;r;rpia mjpfhpf;Fk;. Nkk;gl;l Nkw;gug;G nray;ghL 

kw;Wk; fyitapd; ,af;f Mw;wyhy; ,e;j mjpfhpg;G epfo;fpwJ 

[171,172]. vdpDk;> mjpf ntg;gepiyapy; caph;cwpQ;rpg; 

nghUspd; ,ay;gpy; Nrjk; Vw;gl tha;g;Gfs; cs;sd. rpy 

gug;Gf;fth;r;rp nray;Kiwfspd; maw;ntg;gj; jd;ikahy;> 

ntg;gepiy mjpfhpg;G caphpapd; caph;gug;Gf;fth;r;rpj; jpwd; 

Fiwg;Gf;F toptFf;Fk; [39,173].  MfNt> caph;gug;Gf;fth;r;rp 

nray;Kiwf;F miw ntg;gepiyNa Vw;wjhf ,Uf;Fk;> 

kw;Wk; ,e;j ntg;gepiyia njhopw;rhiyfspy; guhkhpf;f 

vspjhf ,Uf;Fk;.  

	 xU caph;cwpQ;rpapd; msitahdJ 

caph;gug;Gf;fth;r;rpia fLikahf ghjpf;fpwJ. gy 

Ntisfspy;> Fiwe;j caph;cwpQ;rpapd; msitahdJ cahpa 

cs;thq;fisAk; Fiwthd % ePf;fy; nray;jpwd;;fisAk; 
tpistpf;fpd;wd [107,174]. caph;cwpQ;rpapd; nrwptpid 

mjpfhpf;Fk;NghJ caph;cwpQ;rpapd; Nkw;gug;G kw;Wk; 

gpizg;Gj; jsq;fspd; vz;zpf;ifAk; $LfpwJ [175]. 
,jdhy;> % cNyhf ePf;fy; mjpfhpf;fpwJ. mNjrkak;> 

mjpf caph;cwpQ;rpapd; msitapd;NghJ gpizg;Gj; 

jsq;fSf;fpilNaahd FWf;fPl;lhy;> cNyhf cs;thq;fy; 

msT FiwfpwJ [176,177].
	 caph;gug;Gf;fth;r;rpapy;> caph;cwpQ;rpapd; msTk; 

$l xU Kf;fpa gq;F tfpf;fpwJ. rpwpa mstpyhd Jfs;fs; 

mjpf Nkw;gug;igf; nfhz;bUg;gjhy;> caph;gug;Gf;fth;r;rpf;F 

rhjfkhf cs;sJ kw;Wk; Fiwe;j rkepiyahf;fy; Neuj;ijAk; 

jUfpwJ. mNj Neuj;jpy;> caph;gug;Gf;fth;r;rpf;fhd Jfs;fs; 

kPSUthf;fj;jpd; NghJ Vw;gLk; mOj;jq;fisAk; kw;Wk; 

gad;gLj;jg;gLk; jPtpu epiyikfis jhq;ff;$bajhfTk; 

,Uf;fNtz;Lk; [96]. ,jdhy; caph;cwpQ;rpapd;; nghUj;jkhd 

mstpid Kjd;ik Nrhjidfs; %yk; KbTnra;a Ntz;Lk;. 

caph;cwpQ;rp J}s; tbtj;jpy; fpilf;fpwJ vd;why;> ,ae;jpu 

typikia Nkk;gLj;j “rpWkzpahf;fk;” Nghd;w Kaw;rpfs; 

nra;ayhk;.

	 Muk;g fiug;ghd; (cNyhf) nrwpT> 

caph;gug;Gf;fth;r;rpapd; nray;ghl;il ghjpf;Fk;> Fwpg;ghf 

mjpf fiug;ghd; nrwpT caph;cwpQ;rpapd; jpwid 

mjpfhpf;fpwJ [178,179,180]. Fiwe;j Muk;g fiug;ghd; 

nrwpTfspy;> fiug;ghdpd; vz;zpf;if caph;cwpQ;rpapd; 

Nkw;gug;ig xg;gpLk;NghJ Fiwthf ,Uf;Fk;. ,e;epiyapy;> 

caph;cwpQ;rpapd; mjpfgl;r epuk;gy; Mw;wiy fz;lwpa 

KbahJ. vdNt> mjpf Muk;g fiug;ghd; nrwpitg; gad;gLj;jp 

Nrhjidfs; elj;jg;gl Ntz;Lk;.

5.2. caph;gug;Gf;fth;r;rpapd; rkntg;gepiyfs;
	

xU caph;cwpQ;rpapd; juk;> mjdhy; <h;f;ff;$ba cNyhf 

msT kw;Wk; mij jf;fitf;Fk; jpwikAk; nfhz;L 

jPh;khdpf;fyhk;. caph;cwpQ;rpapd; cNyhf cs;thq;fy; 

msit gpd;tUk; rkd;ghl;bd; %yk; mwpayhk;.

MCVCVQ ef /)( 00   				    (1)
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,jpy; Q vd;gJ fiug;ghd; cs;thq;fy; (kpfp/fp)> C0 kw;Wk; Ce 

KiwNa Muk;g kw;Wk; rkepiy fiurypd; fiug;ghd; nrwpT 

(kpfp/yp)> V0 kw;Wk; Vf KiwNa Muk;g kw;Wk; ,Wjp fiury; 

msTfs; (yp) kw;Wk; M vd;gJ caph;cwpQ;rpapd; vil (fp) 

MFk;.

	 gug;Gf;fth;r;rpapd; rkntg;gepiy Nrhjidfs; 

%yk; fth;r;rp nray;jpwid kjpg;gPL nra;aKbAk;. ,e;j 

gug;Gf;fth;r;rpapd; rkntg;gepiyahdJ> cNyhf cs;thq;fy; 

kw;Wk; fiurypd; rkepiy fiug;ghd; nrwpitf; nfhz;L 

tiuAWf;fg;gLk;. fhuj;jd;ik> ntg;gepiy kw;Wk; mad;jpwd; 

14

F. tp[auhftd;> mwptpay;> nghwpapay; kw;Wk; njhopy;El;g Ma;T E}y;> gFjp 1> vz; 1> gf;fq;fs; 2-24> 2016

ml;ltiz 5. Ke;ija Muha;r;rpfspy; fz;lwpag;gl;l Ntshz; foTfspd;; cNyhf caph;gug;Gf;fth;r;rpj; jpwd;

Ntshz; fopTfs; tif cNyhfk; cNyhf cs;thq;fy; msT (kpfp/fp) rhd;whjhuk;

Ke;jphpg;gUg;G XL fhl;kpak; 22.0 [129]

Ke;jphpg;gUg;G XL fhl;kpak; 436.7 [130]

Ke;jphpg;gUg;G XL jhkpuk; 406.6 [130]

Ke;jphpg;gUg;G XL epf;fy; 456.3 [130]

Ke;jphpg;gUg;G XL Jj;jehfk; 455.7 [130]

kuts;spf;fpoq;F Njhy; epf;fy; 57.0 [131]

kuts;spf;fpoq;F kug;gl;ilf;fopT Jj;jehfk; 83.3 [132]

Mkzf;F tpij ckp fhl;kpak; 6.98 [133]

nrl;u];bNahluh kuj;J}s; Jj;jehfk; 97.4 [134]

fhgpj;J}s; fhl;kpak; 15.7 [135]

Njq;fha;ehh; ril fhl;kpak; 165.0 [136] 

thiog;go ntspf;fopT jhkpuk; 36.0 [137]

vYkpr;ir ntspf;fopT jhkpuk; 70.4 [137]

MuQ;R ntspf;fopT jhkpuk; 67.2 [137]

MuQ;R ntspf;fopT <ak; 76.8 [137]

G+q;fh Gy; jhkpuk; 58.3 [138]

jpuhl;ir jz;L jhkpuk; 42.9 [139]

jpuhl;ir jz;L epf;fy; 38.3 [139]

vYkpr;ir rf;if Mh;rdpf;(V) 0.47 [140]

ypr;rp rpndd;rp]; tpijfs; epf;fy; 66.6 [141]

khq;FNuht; ,iyfs; fhl;kpak; 8.87 [142]

khq;FNuht; ,iyfs; (hpNrhNghuh khq;fps; L) FNuhkpak;(III) 6.54 [142]

khq;FNuht; ,iyfs; (hpNrhNghuh khq;fps; L) FNuhkpak;(III) 0.34 [142]

nkhhpq;fh Xyp/nguh kug;gl;il epf;fy; 30.4 [143]

Ez;fl;likg;Gila NjtjhU ku ,iyr;rhk;gy; <ak; 7.23 [144]

Ez;fl;likg;Gila NjtjhU ku ,iyr;rhk;gy; Jj;jehfk; 4.79 [144]

MuQ;R Njhy; fhl;kpak; 136.1 [145]

MuQ;R Njhy; fhl;kpak; 293.3 [146]

MuQ;R Njhy; epf;fy; 62.3 [147]

MuQ;R fopT Jj;jehfk; 43.2 [148]

igd; ku ,iyfs; Mh;rdpf;(V) 3.27 [149]

Nghh;Lyfh jhtu caphp <ak; 17.2 [150]

mhprp jtpL Jj;jehfk; 18.3 [151]

mhprp ckp fhl;kpak; 20.2 [152\

Nuh[h ,jo; fopT jhkpuk; 124.2 [153]

Nuh[h ,jo; fopT <ak; 119.9 [153]

rgpd;l]; rNghNdhpah kug;gl;ilj;J}s; jhkpuk; 37.1 [154]

nl/g;Nuhrpah gh;Ghpah ,iy <ak; 100.0 [155]

ePh;f;Ftis kyh; fhl;kpak; 8.44 [142]

jh;G+rzp XL jhkpuk; 111.1 [156]



Nghd;w epiyahd Rw;Wr;#oy; fhuzpfisf; nfhz;L Muk;g 

fiug;ghd; nrwpTfis khw;Wtjd; %yk; rkntg;gepiy 

tisTfis kjpg;gpl KbAk;.

	 caph;gug;Gf;fth;r;rpapd; rkntg;gepiyfis yhq;kpA+h;> 

/gpuz;l;ypr;> nul;ypr;-gPl;lh;rd;> rpg;];> Nlhj; kw;Wk; Nfhgpy;-

Nfhhp[hd; khjphpfisg; gad;gLj;jp tpthpf;fyhk;. ,e;j 

khjphpfs; xU Fwpg;gpl;l vz;zpf;ifapyhd tifg;gLj;jg;gl;l 

vspa fzpj cwTfshy; MdJ. ,it> ngUk;ghyhd cNyhf 

caph;gug;Gf;fth;r;rp nray;ghl;ilg; gw;wp ey;y tpsf;fk; 

nfhLf;fpwJ [169,181]. rpy Kf;fpa rkntg;gepiy khjphpfs; 

fPo;tUkhW>

yhq;kpA+h;:       
eL

eL

Cb
CbQ

Q



1

max  		  (2)

/gpuz;l;ypr;:     Fn
eF CKQ /1  	  	 (3)

nul;ypr;-gPl;lh;rd;: 
RP

eRP

eRP

Ca
CKQ 


1

 		  (4)

rpg;];:         

S

S

eS

eS

Ca
CK

Q 






1
 

	 		  (5)

Nlhj;:         
TT nn

eT

eT

Cb
CbQQ

])(1[ /1
max


   		 (6)

Nfhgpy;-Nfhhp[hd;:
KC

KC

n
eKC

n
eKC

Cb
CaQ




1
 	  	 (7)

,q;F Qmax vd;gJ mjpfgl;r cNyhf cs;thq;fy; (kpfp/
fp)> bL vd;gJ yhq;kpA+h; rkepiy khwpyp (yp/kpfp)> KF vd;gJ        

/gpuz;l;ypr; khwpyp (kpfp/fp) (yp/kpfp)1/ n
F> nF vd;gJ /gpuz;l;ypr; 

cs;sPL> KRP vd;gJ nul;ypr;-gPl;lh;rd; rkntg;gepiy khwpyp 

(yp/fp)> aRP vd;gJ nul;ypr;-gPl;lh;rd; rkntg;gepiy khwpyp (yp/
kpfp)1/β

RP> βRP vd;gJ nul;yp-gPl;lh;rd; khjphp cs;sPL> KS vd;gJ 
rpg;]; khjphp ntg;gepiy Fzfk; (yp/fp)β

S, as vd;gJ rpg;]; 

khjphp Fzfk; (yp/kpfp) β
S> βS vd;gJ rpg;]; khjphp cs;sPL> bT 

MdJ Nlhj; khjphp khwpyp (yp/kpfp) nT MdJ Nlhj; khjphp 

cs;sPL> aKC  vd;gJ Nfhgpy;-Nfhhp[hd; ntg;gepiy khwpyp> bKC  
vd;gJ Nfhgpy;-Nfhhp[hd; ntg;gepiy khwpyp (yp/kp.Nkhy;)n

KC 
kw;Wk; nKC vd;gJ Nfhgpy;-Nfhhp[hd; khj;jp cs;sPL MFk;. 

gpw rkntg;gepiy khjphpfs; gw;wp kw;w Muha;r;rp fl;Liufspy; 

tphpthf tpthpf;fg;gl;Ls;sJ [182,183].

5.3. gug;Gf;fth;r;rpapd; ,af;ftpay;

fopTePh; rpfpr;irapy; fth;r;rp ,af;ftpay; Kf;fpaj;Jtk; 

tha;e;jJ. mJ vjph;tpid topKiwfs; kw;Wk; fth;r;rp 

tpisT nghwpKiwapy; xU ey;y Ghpjiy toq;FfpwJ 

[7,178]. nghJthf> caph;gug;Gf;fth;r;rpapy; ,we;j caph;fis 

cgNahfg;gLj;Jtjhy;> ,J xU tpiuthd nray;ghlhf 

,Uf;Fk; vd vjph;ghh;f;fg;gLfpwJ. NkYk;> caph;gug;Gf;fth;r;rp 

nray;Kiw ,uz;L fl;lq;fisf; nfhz;bUf;Fk;. Kjy;fl;lk; 

30 - 60 epkplj;jpy; Ntfkhf eilngWk;. ,e;j fl;lj;jpd; 

NghJ ngUk;ghyhd cNyhf cs;thq;fy; Kbe;JtpLk;. 

,uz;lhk; fl;lk;> 2 Kjy; 3 kzp Neuj;jpw;F njhlUk; NkYk; 

,f;fl;lj;jpd; NghJ cNyhf rkepiyiaAk; vl;Lk;. vdpDk;> 

vil ghpkhw;w jilfs; cs;sNghJ> rkepiy vl;l jhkjkhFk; 

vd vjph;ghh;f;fg;gLfpwJ.

	 caph;gug;Gf;fth;r;rpapd; ,af;ftpay;> gy fzpj 

,af;f khjphpfisg; gad;gLj;jp tpthpf;fg;gl;Ls;sJ. 25-f;Fk; 

Nkw;gl;l ,af;ftpay; khjphpfs; Ke;ija Muha;r;rpfspy; 

tpthpf;fg;gl;Ls;sd. mit midj;Jk; gug;Gf;fth;r;rpapd; NghJ 

,af;f elj;ijfis mstpl;L tpsf;f gad;gLj;jg;gl;ld [184]. 
Xt;nthU gug;Gf;fth;r;rp ,af;f khjphpAk; mjd; Fwpg;gpl;l 
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 glk; 1. njhFjp nray;Kiw tpsf;fg;glk; [7].



Nrhjid kw;Wk; Nfhl;ghl;L Cfq;fspd; gb ngwg;gLk; 

nrhe;j tuk;Gfisf; nfhz;Ls;sd. ,t;tuk;Gfs; rpy rkak; 

kPwg;glhkYk;> caph;gug;Gf;fth;r;rp Nrhjidfspy; ,k;khjphpfs; 

ntw;wpfukhf gad;gLj;jg;gl;L ,Uf;fpwJ. ,af;ftpay; 

khjphpfspy; kpf Kf;fpakhdit fPNo nfhLf;fg;gl;Ls;sd.

Nghyp-Kjy; thpir khjphp: ))exp(1( 1tkQQ et   		 (8)

Nghyp-,uz;lhk; thpir khjphp: 










tkQ

QQ
e

et
21

11    	 (9)

,jpy; Qe vd;gJ rkepiyapy; fiurypd; cs;thq;fy; (kpfp/
fp)> Qt vd;gJ “t" Neuj;jpy; fiurypy; cs;thq;fy; (kpfp/fp)> 
k1 vd;gJ Kjy; thpir rkepiy tpfpj khwpyp (1/epkplk;)> 
kw;Wk; k2 vd;gJ ,uz;lhk; thpir rkepiy tpfpj khwpyp (fp/
kpfpepkplk;) MFk;.

5.4. Gwe;js;Sjy; kw;Wk; kPsUthf;fk;

caph;gug;Gf;fth;r;rpahdJ khRf;fs; nfhz;l fiuriy 

Rj;jpfhpf;Fk; xU nray;KiwahFk;. vdpDk; caph;cwpQ;rpia 

kWgad;ghl;bw;fhf kPSUthf;FtJ mtrpak;. ,jd;%yk; 

xl;Lnkhj;j nray;Kiw nryitAk;> fth;r;rp nghUspd; njhlh; 

juT kPjhd rhh;igAk; Fiwf;fyhk;. ,jdhy;> Gwe;js;Sjy; 

vd;gJ kpFe;j Kf;fpaj;Jtk; tha;e;jjhf fUjg;gLfpwJ. xU 

ntw;wpfukhd Gwe;js;Sjy; nray;Kiwf;F> cUg;gFg;Gg; 

gha;kj;jpd; rhpahd Njh;T Njitg;gLfpwJ. mJ caph;cwpQ;rp 

tif kw;Wk; caph;gug;Gf; fth;r;rpapd; nghwpKiwia 

fLikahf rhh;e;jpUf;Fk;. cUg;gFg;Gg; gha;kk; MdJ (1) 

caphpia Nrjg;gLj;jhky;> (2) nryT Fiwthf> (3) Rw;Wr;#oy; 

el;ghf> kw;Wk; (4) jpwDs;sjhf ,Uf;f Ntz;Lk;. mNef 

Muha;r;rpahsh;fs; caph;cwpQ;rpapd; kWgad;ghl;bw;fhf 

nghUj;jkhd cUg;gFg;Gg; gha;kj;ij milahsk; fhz gy;NtW 

Nrhjidfs; elj;jpdh;. ,tw;wpy; FAff; kw;Wk; Nthy];fp [185] 
Nfhghy;l;-Vw;wg;gl;l m];nfhigyk; nehlnlhrk;-kpypUe;J 

Nfhghy;l;(II)-ia Gwe;js;s gy ,urhadq;fisr; Nrhjpj;jdh;. 
,jpy;> CaCl2 (HCl)-ia nghUj;jkhd cUg;gFg;Gg; gha;kkhf 

milahsk; fz;ldh;. tp[auhftd; kw;Wk; gyh; [120] epf;fy; 
Vw;wg;gl;l ez;L Xl;L Jfs;fspypUe;J epf;fy;(II) madpfis 

Gwe;js;s rhj;jpakhd cUg;gFg;Gg; gha;kj;ij milahsk; 

fhz Nrhjidfis elj;jpdh;. ,jpy; EDTA (NH4OH)-it xU 
eilKiw cUg;gFg;Gg; gha;kk; vd milahsk; fz;ldh;. 

tp[auhftd; kw;Wk; gyh; [90] 0.05 M HCl kw;Wk; 0.05 M NaOH 
gad;gLj;jp yhe;jdk;> rPhpak;> INuhg;gpak; kw;Wk; ,l;nlh;gpak; 

Mfpait Vw;wg;gl;l lh;gpNdhpah nfhdha;l;]];-ypUe;J 

Gwe;js;Sjy; Nrhjidfis elj;jpdh;. ,e;j Muha;r;rpapd; 

Kbtpy;> 0.05 M HCl kpfTk; ed;F nray;gLtjhfTk;> Fwpg;ghf 
,jd; cNyhfq;fspd; fOtpg;gphpj;jy; nray;jpwd; 99% tpl 
mjpfkhf ,Ug;giijAk; Rl;bf;fhl;bdh;.

	 xU caph;cwpQ;rpapd; cUg;gFg;Gg; gha;kj;ij 

Njh;e;njLf;Fk; Kd; mjd; gy;NtW gz;Gfis Muha Ntz;Lk;. 

Fwpg;ghf> cUg;ggFg;Gg; gha;kk; caphpia Nrjg;gLj;jhkYk;> 

gpd;tUk; Row;rpfspy; kPz;Lk; gad;gLj;jf; $bajhfTk; 

,Uf;f Ntz;Lk;. Gwe;js;Sjypy; rpy ,urhadq;fs; 

rpwg;ghf nray;gl;lhYk; $l> mit caph;cwpQ;rpf;F jPq;F 

,iof;ff;$bajhfTk; ,Uf;fyhk;. ghf;Bhpah kw;Wk; G+Q;irfs; 

mtw;wpd; Ez;zpa mikg;gpdhy; Gwe;js;Sjypd; NghJ 

tYthd mkpy kw;Wk; fhu epiyikfspd; Kd;dpiyapy; 

ghjpf;fg;gLfpd;wd. rpy rkaq;fspy;> nghpa mstpYs;s 

caph;cwpQ;rp nghUl;fSk; fOtpg;gphpj;jy; gzpapd; NghJ 

ghjpf;fg;gLfpd;wd. tp[auhftd; kw;Wk; gyh; [120] epf;fy;(II) 
Vw;wg;gl;l ez;L Xl;bypUe;J epf;fy;(II) madpfisg; gphpf;f 

gy cUg;gFg;Gg; gha;kq;fis Ma;T nra;jdh;. ,jpy;> 

cUg;gFg;G gha;kk; (NH4OH) ez;L Xl;bd; ,aw;gpay; 

jd;ikia fLikahf (>60% vil ,og;G) Nrjkila 

nra;jJ.

	 NkYk;> Gwe;js;Sjy; gzpapd; NghJ midj;J cNyhf 

madpfSk;> caph;cwpQ;rpapypUe;J mfw;wg;glNtz;Lk;. 

,J eilngwtpy;iynadpy; mLj;j Row;rpapy; Fiwtpy;yh 
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glk; 2. caph;gug;Gf;fth;r;rp nray;Kiwia ghjpf;Fk; fhuzpfs; [9].



cNyhf cs;thq;fis vjph;ghh;f;f KbahJ. vdNt> 

caphpapd; kWgad;ghl;il cWjp nra;a ftdkhd kw;Wk; 

rPuhd Gwe;js;Sjy; nray;Kiwfs; Njitg;gLfpwJ. \;Nth 

kw;Wk; gyh; [186] Jj;jehf madpfis ePf;f jpwikahd 

caph;cwpQ;rpg; nghUshf mnrhNyh /gpypFyha;l;i] 

fz;lwpe;;jdh;. NkYk;> ,th;fs; ,f;fth;r;rpg;nghUis MW 

Row;rpfspy; kW cUthf;fk; nra;J kPz;Lk; gad;gLj;jyhk; 

vd ep&gpj;jdh;. tp[auhftd; kw;Wk; gyh; [108] epf;fy; 

caph;gug;Gf;fth;r;rpapy; ez;L $l;L Jfs;fs; jpwikahf 

nray;gl;ljhfTk; kw;Wk; EDTA (NH4OH)-cjtpNahL VO Kiw 

cs;thq;Fjy;-Gwe;js;Sjy; Row;rpfspy; gad;gLj;jyhk; vd 

ep&gpj;jdh;.

5.5. njhlh; caph;gug;Gf;fth;r;rp

njhopw;rhiy kw;Wk; ,ju fopTePh; Rj;jpfhpg;Gf;fhf> 

caph;gug;Gf;fth;r;rpapd; nray;jpwid kjpg;gPL nra;tjpy; 

njhlh; caph;gug;Gf;fth;r;rp Ma;Tfs; kpFe;j Kf;fpaj;Jtk; 

tha;e;jJ. ,e;j njhlh; Ma;T nray;Kiw gy fl;likg;Gfis 

gad;gLj;jp Nkw;nfhs;sg;gLfpwJ. Fwpg;ghf> fl;lg;gl;l epuiy> 

njhlh;r;rpahd fyf;fg;gl;l njhl;b ciy> fhw;Wj;J}f;;fp ciy 

kw;Wk; gha;kg;gLf;if ciy %yk; njhlh; caph;gug;Gf;fth;r;rp 

Ma;Tfs; nra;ag;gLfpd;wd. ,f;fl;likg;Gfspy;> fl;lg;gl;l 

gLf;if epuiyfs; caph;gug;Gf;fth;r;rp Ma;Tfis 

Nkw;nfhs;tjw;F kpf trjpahdjhf fUjg;gLfpwJ 

[186,187,188,189].  NkYk;> fl;lg;gl;l gLf;if njhlh; 

gug;Gf;fth;r;rp vz;zw;w nray;Kiw nghwpapay; ed;ikfisf; 

nfhz;Ls;sJ. Fwpg;ghf cah; nray;ghl;L kf#y; kw;Wk; 

vspjhd msT khw;Wk; nray;ghL Nghd;witahFk; [190]. 
kw;w epuiy njhlh;gpfshd gha;kkhf;fg;gl;l> fhw;Wj;J}f;fp 

kw;Wk; njhlh;r;rpahd fyf;fg;gl;l njhl;b ciy Nghd;wit 

caph;gug;Gf;fth;r;rp nray;Kiwapy; mhpjhf gad;gLj;jg;gl;L 

,Uf;fpd;wd [191,192,193].
	 fl;lg;gl;l gLf;if fl;likg;gpd; cUtiuglk; 

glk; 3-y; fhl;lg;gl;Ls;sJ. ,jd; nray;KiwahdJ> 

caph;cwpQ;rp epuk;gpa xU cUis epuiyf;Fs; cNyhf 

fopTePiu nrYj;JtjhFk;. Muk;g fl;lj;jpy; ngUk;ghyhd 

cNyhf madpfs; fth;r;rpg;nghUshy; cwpQ;rg;gLk;. ,jdhy; 

fpl;lj;jl;l G+[;[pa cNyhf nrwpT epuiyapd; ntspg;gFjpapy; 

fpilf;Fk; vd vjph;ghh;f;fg;gLfpwJ [194]. Neuk; mjpfhpf;Fk; 

NghJ> caph;cwpQ;rpg; nghUspd; cNyhf gug;Gf;fth;r;rp 

epiw nrwpT epiyia milAk;.  ,jdhy;> cNyhf 

nrwpT epuiyapd; ntspg;gFjpapy; gbg;gbahf mjpfhpf;Fk;.  

,q;F cNyhf er;Rj;jd;ikiag; nghWj;J epuiyapd; 

nray;ghl;L Neuj;ij KbT nra;ayhk;. gy cNyhfq;fSf;F 

er;Rj;jd;ik nrwpthf 0.01 Kjy; 1 kpfp/yp tiu Rw;Wr;#oy; 

epWtdq;fshy; jPh;khdpf;fg;gl;bUf;fpwJ. nghJthf> fopTePh; 

Rj;jpfhpg;gpy;> cNyhf nrwpT ,e;j tuk;ig kPWk;NghJ 

,af;fj;jpypUe;J epuiyia epWj;j Ntz;Lk;. ,NjhL 

epuiyia kW cUthf;fk; nra;a Ntz;Lk; my;yJ Xl;lj;ij 

kw;nwhU epuiyf;F khw;wNtz;Lk;. vdpDk;> Ma;tfq;fspy; 

ntsp cNyhf nrwpT Rkhh; cs;tUk; cNyhf nrwptpw;F 

rkkhf cs;sNghJ kl;LNk epuiyapd; rpfpr;ir epWj;jg;gLk;. 

,J epuiyapd; KOikahd fth;r;rpj;jpwidf; nfhLg;gNjhL> 

s-tbt jpUg;GKid tisTfisj; jUfpwJ [190]. xU 

nghJthd jpUg;GKid tisT glk; 3-y; fhl;lg;gl;Ls;sJ. 

,e;j tistpd; tbtkhdJ> epiw ghpkhw;wk;> jput Xl;l 

mstPL kw;Wk; fth;r;rp rkntg;gepiyfisf; rhh;e;jpUf;Fk; 

[195].
	 rpy Ez;Zaphpfs;> njhFjp Nrhjidfspy; 

Nkk;gl;l caph;gug;Gf;fth;r;rpj; jpwid fhl;Lfpd;wd. Mdhy; 

njhlh; Xl;l nray;Kiwfspy; gad;gLj;jg;gLk; nghOJ 
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glk; 3. fl;lg;gl;l gLf;if fl;likg;gpd; cUtiuglk;> epuiy jpUg;GKid tisT kw;Wk; fOtpgphpj;jy; tisT [7]. 



Njhy;tpailfpd;wd. ,jd; fhuzk; vd;dntdpy;> epuiy 

KiwahdJ caph;cwpQ;rpapd; ,ae;jpu typik kw;Wk; ,af;f 

nray;Kiwia fLikahf rhh;e;jpUf;Fk;.  ,JNt gytPdkhd 

Ez;Zaphpfs; epuiyapy; jpwk;gl nray;glhky; ,Ug;gjw;fhd 

fhuzkhFk;. tp[auhftd; kw;Wk; gyh; [196] fl;lg;gl;l epuiyapy; 
Ez;Zapuhd fhh;dpghf;Bhpak; FSlhkpfk;-ik gad;gLj;JtJ 

,ayhJ vd Rl;bf;fhl;bdh;. mJ epuiy nray;ghl;bd;NghJ> 

cUtngUf;fk; nfhs;tjhYk; mlh;j;jpahd Fok;ig 

Njhw;Wtpg;gjhYk;> jput Xl;lj;ij jil nra;jJ. Mdhy; 

,jw;Fj; jPh;thf> ,t;thuha;r;rpahsh;;fs; mirtpypfisf; 

nfhz;L Ez;Zaphpfis Klf;Fk; nray;Kiwia 

ghpe;Jiuj;jdh;. glk; 4-y; ghypry;Nghd; vd;w ,urhadj;ij 

nfhz;L Klf;fg;gl;l fhh;dpghf;Bhpak; FSlhkpfj;jpd; CLUtp 

vyf;l;uhd; Ez;Nzhf;fp glk; nfhLf;fg;gl;Ls;sJ. vdpDk;> 

epuiy nray;KiwahdJ cNyhf kw;Wk; cwpQ;rp nghUSf;F 

Fiwe;j njhlh;G Neuj;ij kl;LNk toq;FfpwJ. Mjyhy; 

mirtpypfisf; nfhz;L caph;fis Klf;Ftjdhy; epiw 

ghpkhw;wj; jilfs;> epuiy caph;gug;Gf;fth;r;rp nray;jpwid 

ntFthf ghjpf;fpwJ. vdNt> epuiy Kiwf;fhf gad;gLj;Jk; 

caph;cwpQ;rpg; nghUis jahhpg;gjpy; kpFe;j ftdk; nfhs;s 

Ntz;Lk;. $Ljyhf> caph;gug;Gf;fth;r;rpiag; ghjpf;Fk; 

epuiy fhuzpfis KOtJkhf Muha Ntz;Lk;. fl;lg;gl;l 

epuiyapy; caph;gug;Gf;fth;r;rpia ghjpf;Fk; rpy Kf;fpa 

fhuzpfs; gLf;if cauk;> Xl;l tpfpjk; kw;Wk; Muk;g 

fiug;ghd; nrwpT MfpaitahFk;.

	 xU caph;cwpQ;rpapd; kPSUthf;fk;> nghUj;jkhd 

cUg;gFg;Gg; gha;kj;jpd; cjtpAld;> fl;lg;gl;l epuiy 

Vw;ghl;by; vspjhdjhf ,Uf;Fk;. nghJthf> epuiy 

nray;ghl;by; fOtpg;gphpjy; nray;Kiw> fth;r;rp Kiwia 

tpl Ntfkhdjhf ,Uf;Fk;. vdNt fOtpg;gphpj;jy; 

Kbtpy;> mjpf cNyhf nrwpit rpwpa cUg;gFg;Gg; gha;k 

nfhs;sstpy; vjph;ghh;f;fyhk;. NkYk;> fOtpg;gphpj;jypd; 

NghJ fth;r;rpg; nghUisAk; cUg;gFg;Gg; gha;kj;ijAk; 

Fiwe;j NeuNk njhlh;G nfhs;s mDkjpf;f Ntz;Lk;. 

Vnddpy;> fOtpg;gphpj;jypd; NghJ> cgNahfg;gLj;jg;gLk; 

mjpf fhu my;yJ mkpy fiury;fs; caph;cwpQ;rpf;F 

cUtNrjk; Vw;gLj;Jk; vd mwpag;gLfpwJ. vdNt> epuiy 

fOtpg;gphpj;jypd; NghJ cgNahfg;gLj;jg;gLk; cUg;gFg;Gg; 

gha;kj;jpd; cfe;j Xl;l tpfpjk; Muk;g fl;l Nrhjidfs; 

%yk; fz;lwpag;gl Ntz;Lk;.  xU cjhuz fOtpg;gphpj;jy; 

tisT glk; 3-y; fhl;lg;gl;Ls;sJ. ,f;fOtpg;gphpj;jypd;NghJ 

epuiy mjpfhpj;J gpd;dh; gbg;gbahff; FiwAk; [188,197].

6. cz;ikahd njhopy;Jiw fopTfspy; 

 caph;gug;Gf;fth;r;rpapd; gad;ghL

Ke;ija gphpTfspy; $wpaJ Nghy;> caph;gug;Gf; fth;r;rpahdJ 

nraw;if ePh;kf;fiurypypUe;J cNyhf madpfis ePf;f 

ep&gpf;fg;gl;l El;gkhFk;. vdpDk;> cz;ikahd fopTePhpy; mjd; 

nray;jpwd; FiwthfNt ,Uf;fpwJ. rpy Muha;r;rpahsh;fs;> 

njhopy;Jiw fopTf;fhd caph;cwpQ;rpg; nghUis gw;wpa 

Ma;Tfs; Nkw;nfhz;Ls;sdh;. fpnuhl;nlhr;tpy; kw;Wk; 

Nthy];fp [198] tzpf gad;ghl;Lf;F Kd; caph;gug;Gf;fth;r;rp 

nray;Kiwapd; gz;Gfs; gw;wp ePl;bf;fg;gl;l Nrhjidfs; 

elj;jg;glNtz;Lk; vd typAWj;jpdh;. nghJthf> njhopy;Jiw 

fopTfs; ,uz;L ngUk; gphpTfshf gphpf;fg;gl;Ls;sd. KjyhtJ 

tif fopTePh;> nghpa nfhs;sstpy; Fiwe;j khR nrwpitf; 

nfhz;bUf;Fk;. cjhuzkhf Ruq;f fopT ePh;. ,uz;lhtJ 

tif> Fiwe;j nfhs;sstpy; cah; khRf;fis nfhz;bUf;Fk; 

vLj;Jf;fhl;lhf> kpd;Kyhk; kw;Wk; Njhy; gjdpLjy; fopTfs;.  

Kjy; tif fopTePUf;F> caph;cwpQ;rpahdJ mjpf cNyhf 

<h;g;Gj;jd;ika nfhz;ljhf ,Uf;fNtz;Lk; [5]. mNj rkak; 

,uz;lhk; tif fopTePUf;F> caph;cwpQ;rp nghUshdJ mjpf 

cNyhf cs;thq;Fk; jpwidf; nfhz;ljhf ,Uf;fNtz;Lk;. 

NkYk; vt;tif fopTePuhf ,Ug;gpDk;> Nyrhd cNyhf 

madpfs; (Nrhbak;(I)> nghl;lhrpak;(I)> fhy;rpak;(II) kw;Wk; 
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glk; 4. ghypry;Nghdpy; Klf;fg;gl;l fhh;dpghf;Bhpak; FSlhkpfj;jpd; CLUtp vyf;l;uhd; Ez;Nzhf;fp glk; [165]. 



kf;dPrpak;(II) Nghd;w vjpuadpfs; gug;Gf;fth;r;rpapd; NghJ 

FWf;fplyhk; vd fUjg;gLfpwJ [9]. tp[auhftd; kw;Wk; gyh; 
[199] epf;fy; kpd;Kyhk; njhopw;rhiyfspypUe;J ngwg;gl;l 

,uz;L fopTePiu tifg;gLj;jpAs;sdh;. ,e;j fopTePuhdJ> 

mjpf msT Nyrhd cNyhf madpfs;> epf;fy; madpfs; 

kw;Wk; Neh;kiw madpfisf; nfhz;bUe;jJ.  njhFjp kw;Wk; 

epuiy Kiwfs; %yk; epf;fy;(II)-it mfw;Wk; Ntisapy; 

,iz madpfspd; FWf;fPL gw;wp ,t;thuha;r;rpahsh;fs; 

fz;lwpe;jdh;. ,e;j tpUk;gj;jfhj madpfspd; FWf;fPlhy; 

caph;cwpQ;rpapd; cNyhf cs;thq;fy; ghjpf;fg;gLfpwJ> 

NkYk; ,jdhy;> epuiyapd; Nrit Neuk; FiwfpwJ [198].
	 fopT fyitfs; fhpk kw;wk; fdpk cl;nghUisf; 

nfhz;lJ  vd;gjhy;> caph;gug;Gf;fth;r;rp njhopy;El;gj;ij 

rhpahf nray;gLj;j fopTfspd; fiury; Ntjpapaiyg; gw;wp 

mwptJ mtrpakhfpwJ. Njitg;gl;lhy;> caph;gug;Gf;fth;r;rp 

nray;Kiwia gad;gLj;Jk; Kd;> fopTePiu nghUj;jkhd 

Kd;rpfpr;ir %yk; Rj;jpfhpf;fNtz;Lk;. xU caph;cwpQ;rpapd; 

gpizg;Gj; jpwid fopTePhpd; fhuj;jd;ik> flj;Jk; jpwd; 

kw;Wk; nkhj;j fbdj;jd;ik jPtpukhf ghjpf;fpd;wd 

[199]. Kd;dh; Fwpg;gpl;lJ Nghy;> kpf rpy mwpf;iffNs> 

caph;cwpQ;rpfis nfhz;L fopTePiu Rj;jpfhpf;fyhk; 

vd;W vLj;Jiuf;fpd;wd. mtw;wpy; Nlhgpd; kw;Wk; 

nusf;/]; [200] Njhy; gjdpLjy; njhopw;fopTfspypUe;J 

FNuhkpaj;ij mfw;w k;A+fh; nkap caphpia gad;gLj;jpdh;. 

,t;thuha;r;rpapy;> fopTfspd; gz;Gfis Kw;wpYkhf Ma;T 

nra;J FNuhkpaj;ij mjdpypUe;J ntw;wpfukhf ePf;fpdh;. 

,k;KbTfspd; mbg;gilapy; caph;gug;Gf;fth;r;rpahdJ> tzpf 

madp ghpkhw;w nurpd;fis tplTk; cahpa nray;jpwid 

ntspg;gLj;jpaJ. kw;nwhU Ma;tpy;> mutpe;jd; kw;Wk; 

gyh; [201] 750 kpfp/yp FNuhkpaj;ij cs;slf;fpa Njhy; 

gjdpLk; njhopw;fopTePiu> lh;gpNdhpah flw;ghrpia nfhz;L 

Rj;jpfhpj;jdh;. ,e;j fopTePhpy;> Muk;g FNuhkpak;(III)-d; 
nrwpT mjpfkhf ,Ue;jjhy;> Ie;J epiy caph;gug;Gf;fth;r;rp 

nray;Kiwia gad;gLj;jp> FNuhkpak;(III)-d; ,Wjp nrwpT 2 
kpf/yp Mf Fiwf;fg;gl;lJ. tp[auhftd; kw;Wk; nrNfhtpah 

[202] cNyhf fz;Lgpbg;G fUtpapypUe;J (ICP-OES) ntsptUk; 
fopTePiu ez;L Xl;L Jfs;fs; nfhz;L fl;lg;gl;l epuiyapy; 

Rj;jpfhpf;f KbAk; vd $wpAs;sdh;. ,e;j fopTePuhdJ 

jPtpu mkpy fhuj;jd;ikAk; (pH 13)> 15 ntt;NtW cNyhf 

madpfisAk; nfhz;bUe;jJ. njhlh; Xl;l epuiyapd; %yk; 

Nrhjidfs; elj;jpajpy;> ez;L Xl;L Jfs;fs; cah;e;j 

cNyhf cs;thq;Fk; jpwid ntspg;gLj;jpaJ. ,e;j ez;L 

Xl;L Jfs;fs; Vw;wg;gl;l epuiyahdJ> 10 kpyp/epkpl Xl;l 
tpfpjj;jpy; 22 kzp Neuk; ,af;fg;gl;lJ. ,jd; Kbtpy; 

Rj;jpfhpf;fg;gl;l ePhpy; Mh;rdpf; cNyhf madpia jtph;j;J 

kw;w fduf cNyhfq;fyhd (jhkpuk;> fhl;kpak;> Nfhghy;l;> 

FNuhkpak;> <ak;> epf;fy;> Jj;jehfk;> khq;fdPR> mYkpdpak; 

kw;Wk; ,Uk;G) RtL epiyfspy;; kl;LNk ,Ue;jd.

	 njhopy;Jiw gad;ghl;bd;NghJ> fUj;jpy; 

nfhs;sNtz;ba gpw mk;rq;fspy; caphpapd; tpiy kw;Wk; 

mjd; fpilf;Fk; jd;ik Kf;fpakhdjhFk;. caphp nghUl;fs; 

gad;ghl;bw;fhf ,ytrkhf fpilj;jhYk;> mtw;wpd; 

jahhpg;G kw;Wk; Nghf;Ftuj;J nryTfis fUj;jpy; nfhs;s 

Ntz;Lk;. fpl;lj;jl;l midj;J caphpfSk;> jq;fsJ rpwe;j 

gug;Gf;f;fth;r;rp nray;jpwid ntspapl> cyh;j;Jjy; kw;Wk; 

mkpy my;yJ fhuj;ijf; nfhz;l ,urhad Kd;nrayhf;fk; 

Njitg;gLfpwJ. NkYk;> fth;r;rp nghUspd; cw;gj;jp ,lk; 

fopTePh; Rj;jpfhpg;G Miyf;F mUfpy; ,Ue;jhy; Nghf;Ftuj;J 

nryit kpr;rg;gLj;jyhk;.

	 gy Mz;Lfshf eilngw;w caph;cwpQ;rpfspd; 

Muha;;r;rpapy;> ntFrpy Kaw;rpfNs caph;gug;Gf;fth;r;rpia 

tzpfhPjpahf khw;w Kad;wd. 1990-fspy; njhlf;fj;jpy; 

AlgaSORB kw;Wk; AMT-Bioclaim Nghd;w rpy caph;gug;Gf;fth;r;rp 

nghUl;fs; jahhpf;fg;gl;L tzpfkakhf;fg;gl;Ls;sJ 

[170]. ,e;j ,uz;L caph;cwpQ;rpfshy;> Fiwe;j cNyhf 

fiurypypUe;J (10-ypUe;J 100 kpfp/yp tiu) cNyhf 

madpfis jpwikahf mfw;w KbAk; kw;Wk; ,Wjp cNyhf 

nrwpit 1 kpfp/yp-f;Fk; Fiwthf Fiwf;f KbAk; [43]. 
NkYk;> AMT-Bioclaim raidL fiurypypUe;J jq;fk;> 

fhl;kpak; kw;Wk; Jj;jehfq;fis gphpf;Fk; jpwd;nfhz;lJ.  

mjdhy;> cNyhf nkWNfw;wjypypUe;J ntspg;gLk; 

fopTePh;fSf;F ,it Vw;wjhFk;. AlgaSORB fopTePhpypUe;J 
ghjurk; kw;Wk; fhl;kpak; nrwptpd; msit FbePh; juj;Jf;F 

Fiwf;fty;yJ. B.V. SORBEX vd;w tzpf caph;cwpQ;rp 

nghUshdJ 0.1-ypUe;J 3 kpkP msT ghrp (rh;fhrk; elhd;];> 

m];nfhigyk; nehnlh]k;> `ypnklh xGd;bah> gy;Nkhpah 

gnkl;lh) Jfs;fis cs;slf;fpaJ  [3]. mnkhpf;fh Ruq;f 

gzpafk; (U.S. Bureau of Mines, Golden, Colorado) cUthf;fpa 

caph;f;fth;r;rpg;nghUs; (BIO-FIX) njhopy;Jiw fopTePh;> Ruq;f 
mkpyePh;> tbfhy; kw;Wk; epyj;jb ePhpypUe;J fd cNyhf 

madpfis mfw;w gad;gLfpwJ [203]. ,e;j cwpQ;rp 

nghUshdJ> raNdh ghf;Bhpa (];ighpYdh)> <];l;fs;> ghrpfs; 

kw;Wk; jhtuq;fs; (nyk;dh ,dq;fs;> ];ghf;dk; ,dq;fs;) 

Mfpaitahy; cUthf;fg;gl;Ls;sJ [204]. NkYk; rpy tzpf 

caph;cwpQ;rpfshd MetaGene® kw;Wk; RAHCO Bio-Beads kpd; 
Kyhk; kw;Wk; Ruq;f fopTePhpypUe;J fd cNyhfq;fis 

ePf;fty;yJ vd fz;lwpag;gl;Ls;sJ [5].

7. gad;gLj;jg;gl;l caph;cwpQ;rpapd; Nky;

 gad;ghL/mfw;Wjy;

caph;gug;Gf;fth;r;rp nray;Kiwf;F gpd; fpilf;Fk; 

gad;gLj;jg;gl;l capUwpQ;rpia vd;d nra;ayhk; vd;gJ kpf 

nghpa Nfs;tpahFk; [9]. NkYk;> fOtpg;gphpj;jy; nray;Kiwapy; 

ngwg;gLk; mlh;j;jpahd cNyhf fiurypd; Nky; gad;ghL 

gjpyspf;fg;glhj xd;whf vQ;rpAs;sJ. ,e;j mlh;j;jpahd 

cNyhf fiuryhdJ Muk;g cNyhf fiury; nrwpit 

tpl gy klq;F mjpfkhapUf;Fk; [199]. tPo;gbT kw;Wk; 

kpd;fth;r;rp vDk; ,uz;L nray;Kiwfspd; fPo; mlh;j;jpahd 

fiury;fspypUe;J cNyhf madpfis kPl;fyhk; [98].
	 kWcUthf;fk; nra;j caph;cwpQ;rpg;nghUl;fis gy 

fth;r;rp Row;rpfspy; kPz;Lk; gad;gLj;j KbAk; vd;whYk;> 

mjd; ,Wjp mfw;wy; gw;wp njspTgLj;jNtz;Lk;. epyepug;gy; 

my;yJ vhpj;J rhk;gyhf;Fjy; Mfpa nray;Kiwfs; 

caph;cwpQ;rpg; nghUis mfw;Wtjw;fhd rpwe;j jPh;thf 

,Uf;Fk; [12].
	 ,J jtpu> cNyhfk; Vw;wg;gl;l caph;cwpQ;rpg; 

nghUl;fis kw;w fiunghUl;fs; cwpQ;r gad;gLj;j 

KbAk;. cjhuzkhf> khypg;Nll; Vw;wg;gl;l rpl;Nlhrd; 

kzpfs;> ePh;j;j fiurypypUe;J Mh;rdpf;(V)-ia kPl;nlLf;f 

gad;gLj;jg;gl;bUf;fpd;wd [205]. ,t;thwhd Nky; gad;ghl;L 
rhj;jpaq;fs; kw;Wk; mfw;Wjy; Kiwfs; cs;sNghjpYk;> 

rpy rkaq;fspy; Rw;Wr;#oy; Ma;tyh;fs; gug;Gf;fth;r;rp 

njhopy;Kiwia Vw;Wf;nfhs;s jaq;Ffpwhh;fs;. 

caph;gug;Gf;fth;r;rp nghUshdJ njhopy;Kiwia fopTfspy; 

jahhpf;fg;gLtjhFk;. ,e;j njhopy;Jiw fopTfs; Vw;nfdNt 
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mfw;wy; njhe;juit jUfpwJ. Mjyhy;> ,f;fopTfspypUe;J 

jahhpf;fg;gLk; fth;r;rp nghUshdJ> njhopw;rhiyf;F yhgk; 

jUtNjhL fopT mfw;wy; gpur;ridAk; jPh;f;fpwJ.

8. KbTiu 

caph;gug;Gf;fth;;r;rpahdJ> cNyhf khRgl;l fopTePiu 

Rj;jpfhpf;Fk; xU Nkk;gl;l njhopy;El;gkhFk;. ,k;KiwahdJ> 

gy;NtW Rj;jpfhpg;G njhopy;El;gq;fis tplTk; mjpf 

jpwd; kw;Wk; gy;NtW ed;ikfis nfhz;Ls;sJ. 

caph;cwpQ;rpg;nghUl;fis> njhopy;Jiw fopT kw;Wk; 

,aw;ifapy; fpilf;ff;$ba nghUl;fisf; nfhz;L Fiwe;j 

nrytpy; jahhpf;fyhk;. ,jdhy; nray;ghl;Lr; nryT FiwtNjhL 

Rw;Wr;#oy; el;ghfTk; ,Uf;fpwJ. ,Jtiu nra;ag;gl;l 

caph;gug;Gf;fth;r;rp Ma;thdJ> ngUk;ghYk; Ma;tfk; rhh;e;j 

mbg;gil Ma;T Nrhjidfisf; nfhz;Ls;sJ. Fwpg;ghf> 

caph;gug;Gf;fth;r;rpapd; ,af;fk; El;gk;> fth;r;rpj;jpwidg; 

ghjpf;Fk; msTUf;fs;> fth;r;rp rpfpr;ir Kiwfs; kw;Wk; 

mjpfgl;r fth;r;rpj;jpwd; Mfpait Ma;tf Nrhjidfs; 

%yk; ed;F mwpag;gl;Ls;sJ. Mdhy; ,e;El;gj;ij eilKiw 

gad;ghlhf khw;w NkYk; Kd;Ndw;wq;fs; Njitg;gLfpwJ. xU 

rpy Ma;TfNs njhopy;Jiw fopTePhpy; caph;gug;Gf;fth;r;rp 

nray;Kiw jpwid giwrhw;WfpwJ. ,t;tifahd Ma;TfNs> 

,e;j Nkk;gl;l El;gj;ij eilKiw gad;ghl;lhf khw;w 

Ez;zwpitj; jUk;.  NkYk;> Muha;r;rpahsh;fs;> fopTePh; 

Rj;jpfhpg;ghsh;fs; kw;Wk; njhopw;Jiw r%fq;fs; ,ize;J 

nray;gl;lhy;> caph;gug;Gf;fth;r;rp ngUk; Kd;Ndw;wj;ij 

milAk;.
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