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((re)Tj
10.02 0 0 10.02 67.74715 249.5004 Tm
(ferred to as)Tj
10.02 0 0 10.02 112.75253 249.5004 Tm
( )Tj
10.02 0 0 10.02 115.21255 249.5004 Tm
(‘m)Tj
10.02 0 0 10.02 126.22661 249.5004 Tm
(anufactured )Tj
10.02 0 0 10.02 175.93732 249.5004 Tm
(nanoparticles’) is a )Tj
ET
EMC 
50.75999 247.15999 0.48001 11.52 re
f
296.04001 247.15999 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 235.7 244.8 11.46001 re
f
/P <</MCID 23 >>BDC 
0 g
BT
/TT0 1 Tf
0.0015 Tc 0 Tw 10.02 0 0 10.02 56.7 237.9803 Tm
(rel)Tj
10.02 0 0 10.02 67.27698 237.9803 Tm
(a)Tj
10.02 0 0 10.02 71.7188 237.9803 Tm
(t)Tj
10.02 0 0 10.02 74.48026 237.9803 Tm
(i)Tj
10.02 0 0 10.02 77.24173 237.9803 Tm
(v)Tj
10.02 0 0 10.02 82.28174 237.9803 Tm
(el)Tj
10.02 0 0 10.02 89.50708 237.9803 Tm
(y)Tj
10.02 0 0 10.02 94.48697 237.9803 Tm
( new)Tj
10.02 0 0 10.02 113.69414 237.9803 Tm
( )Tj
10.02 0 0 10.02 116.15399 237.9803 Tm
(hum)Tj
10.02 0 0 10.02 133.88525 237.9803 Tm
(an act)Tj
10.02 0 0 10.02 157.5833 237.9803 Tm
(i)Tj
10.02 0 0 10.02 160.34476 237.9803 Tm
(v)Tj
10.02 0 0 10.02 165.38477 237.9803 Tm
(i)Tj
10.02 0 0 10.02 168.14624 237.9803 Tm
(t)Tj
10.02 0 0 10.02 170.9077 237.9803 Tm
(y)Tj
10.02 0 0 10.02 175.8876 237.9803 Tm
(, we)Tj
10.02 0 0 10.02 192.5587 237.9803 Tm
( ha)Tj
10.02 0 0 10.02 204.48537 237.9803 Tm
(ve )Tj
10.02 0 0 10.02 216.43408 237.9803 Tm
(bee)Tj
10.02 0 0 10.02 230.30464 237.9803 Tm
(n)Tj
10.02 0 0 10.02 235.28453 237.9803 Tm
( ge)Tj
10.02 0 0 10.02 247.21121 237.9803 Tm
(nerat)Tj
10.02 0 0 10.02 267.27704 237.9803 Tm
(i)Tj
10.02 0 0 10.02 270.0385 237.9803 Tm
(n)Tj
10.02 0 0 10.02 275.0184 237.9803 Tm
(g )Tj
ET
EMC 
50.75999 235.7 0.48001 11.46001 re
f
296.04001 235.7 0.48001 11.46001 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 224.17999 244.8 11.52 re
f
/P <</MCID 24 >>BDC 
0 g
BT
/TT0 1 Tf
0.00079 Tc 0.0007 Tw 10.02 0 0 10.02 56.7 226.52029 Tm
(them)Tj
10.02 0 0 10.02 76.64957 226.52029 Tm
( for m)Tj
10.02 0 0 10.02 101.07797 226.52029 Tm
(a)Tj
10.02 0 0 10.02 105.51978 226.52029 Tm
(n5.38477 237.9803 Tm
(i Tm
(f)Tj
10.02 5 0 10.02 67.74715 25Tm
(hum)Tj
10.o6 j
10.02 5 0 10.02 67.723.0 0  10.02 105.51978ear
ET
MC 
50.75999 2358a7 2 6703 4c o>>BDC 
0 g
BT
/TT0 1 T 
50.75999 23
10.02 0 0 10.02 195.848.3600202 
50.75999 23.02 0 0 10.02 241.44323737.0502 
50.75999 23j
10.02 0 0 10.02 216.226.j
10. 5 0 10.02 67.7.02 0 0 10.02 204.4853623701 02 5 0 10.02 67.x2 0 0 10.02 170.9077 23764182029 Tm
(n5.38477 237.9803 Tm
(i Tm
(f7earcn
029 Tm
(n5.3847.02 0 0 10.02 105.519780.409803 9 Tm
(n5.3847ple fro.02 0 0 10.02 105.51921
0.8848. 5 0 10.02 67.7internal6.04001 235.7 0.48001 1T
/TT0 1  re
f
/CS0 cs 1 0.8 0.60393  sT
/TT0 1  re
f
/CS0 cs 1 0.811.52 re
f
/P <</MCID 24 >>BDC 
0 g
B 246T0 1 Tf
-0.0004 Tc 0.00191 Tw 10.05.02 56.7 237.9803 Tm
(rel)Tj
13m)Tj
10.02 0 0 10.02 76.64957 226.5215
((re)67.co.02 0 0 10.02 105.5197ea8.9385215
((re)67.bus02 0 0 10.02 270.0385907.94445215
((re)67.2 0 0 10.02 275.0184 9737.5925215
((re)67..02 0 0 10.02 241.44398.385965215
((re)67.EMC 
 
10.02 0 0 10.02 103.36586 215.0004 Tm
( en)Tj
10.02 0 0 10.02 115.32764 215.0004 Tm
(gi)Tj
10.02 0 0 10.02 123.11212 215.0004 Tm
(nes)Tj
10.02 0 0 10.02 136.43562 215.0004 Tm
())Tj
10.02 0 0 10.02 139.7953 215.0004 Tm
( a)Tj
10.02 0 0 10.02 146.69701 215.0004 Tm
(n)Tj
10.02 0 0 10.02 151.73705 215.0004 Tm
(d)Tj
10.02 0 0 10.02 156.71695 215.0004 Tm
( ad)Tj
10.02 0 0 10.02 168.67873 215.0004 Tm
(di)Tj
10.02 0 0 10.02 176.40309 215.0004 Tm
(ng)Tj
10.02 0 0 10.02 186.40599 215.0004 Tm
( t)Tj
10.02 0 0 10.02 191.68747 215.0004 Tm
(o)Tj
10.02 0 0 10.02 196.72749 215.0004 Tm
( t)Tj
10.02 0 0 10.02 201.94884 215.0004 Tm
(h)Tj
10.02 0 0 10.02 206.98888 215.0004 Tm
(e )Tj
10.02 0 0 10.02 213.91061 215.0004 Tm
(nat)Tj
10.02 0 0 10.02 226.15698 215.0004 Tm
(u)Tj
10.02 0 0 10.02 231.13689 215.0004 Tm
(r)Tj
10.02 0 0 10.02 234.43645 215.0004 Tm
(a)Tj
10.02 0 0 10.02 238.87828 215.0004 Tm
(l)Tj
10.02 0 0 10.02 241.63977 215.0004 Tm
( )Tj
ET
EMC 
50.75999 212.65999 0.48001 11.52 re
f
296.04001 212.65999 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 201.2 244.8 11.46001 re
f
/P <</MCID 26 >>BDC 
0 g
BT
/TT0 1 Tf
-0.0023 Tc 0.0038 Tw 10.02 0 0 10.02 56.7 203.4803 Tm
(b)Tj
10.02 0 0 10.02 61.74002 203.4803 Tm
(ackgr)Tj
10.02 0 0 10.02 83.92511 203.4803 Tm
(oun)Tj
10.02 0 0 10.02 98.93896 203.4803 Tm
(d. So)Tj
10.02 0 0 10.02 119.51582 203.4803 Tm
(m)Tj
10.02 0 0 10.02 127.19713 203.4803 Tm
(e)Tj
10.02 0 0 10.02 131.63895 203.4803 Tm
( o)Tj
10.02 0 0 10.02 139.19896 203.4803 Tm
(f)Tj
10.02 0 0 10.02 142.55862 203.4803 Tm
( th)Tj
10.02 0 0 10.02 152.8811 203.4803 Tm
(e m)Tj
10.02 0 0 10.02 167.50818 203.4803 Tm
(a)Tj
10.02 0 0 10.02 171.95 203.4803 Tm
(i)Tj
10.02 0 0 10.02 174.77159 203.4803 Tm
(n)Tj
10.02 0 0 10.02 179.81161 203.4803 Tm
( )Tj
10.02 0 0 10.02 182.27148 203.4803 Tm
(b)Tj
10.02 0 0 10.02 187.31151 203.4803 Tm
(i)Tj
10.02 0 0 10.02 190.07298 203.4803 Tm
(og)Tj
10.02 0 0 10.02 200.09991 203.4803 Tm
(en)Tj
10.02 0 0 10.02 209.56573 203.4803 Tm
(ic )Tj
10.02 0 0 10.02 219.21387 203.4803 Tm
(sour)Tj
10.02 0 0 10.02 236.42206 203.4803 Tm
(ces )Tj
10.02 0 0 10.02 251.6082 203.4803 Tm
(o)Tj
10.02 0 0 10.02 256.64822 203.4803 Tm
(f)Tj
10.02 0 0 10.02 259.94777 203.4803 Tm
( )Tj
ET
EMC 
50.75999 201.2 0.48001 11.46001 re
f
296.04001 201.2 0.48001 11.46001 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 189.67999 244.8 11.52 re
f
/P <</MCID 27 >>BDC 
0 g
BT
/TT0 1 Tf
-0.0002 Tc 0.00169 Tw 10.02 0 0 10.02 56.7 192.02029 Tm
(nanoparticles i)Tj
10.02 0 0 10.02 115.32222 192.02029 Tm
(n)Tj
10.02 0 0 10.02 120.36229 192.02029 Tm
(clude m)Tj
10.02 0 0 10.02 152.25702 192.02029 Tm
(i)Tj
10.02 0 0 10.02 155.01855 192.02029 Tm
(neral erosion, atm)Tj
10.02 0 0 10.02 226.97838 192.02029 Tm
(o)Tj
10.02 0 0 10.02 232.01846 192.02029 Tm
(sphe)Tj
10.02 0 0 10.02 250.31204 192.02029 Tm
(ric )Tj
ET
EMC 
50.75999 189.67999 0.48001 11.52 re
f
296.04001 189.67999 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 178.15999 244.8 11.52 re
f
/P <</MCID 28 >>BDC 
0 g
BT
/TT0 1 Tf
-0.00011 Tc 0.0016 Tw 10.02 0 0 10.02 56.7 180.50029 Tm
(chem)Tj
10.02 0 0 10.02 78.28581 180.50029 Tm
(istry proc)Tj
10.02 0 0 10.02 116.35115 180.50029 Tm
(esses a)Tj
10.02 0 0 10.02 143.83858 180.50029 Tm
(n)Tj
10.02 0 0 10.02 148.87857 180.50029 Tm
(d eva)Tj
10.02 0 0 10.02 170.24591 180.50029 Tm
(p)Tj
10.02 0 0 10.02 175.22578 180.50029 Tm
(oration )Tj
10.02 0 0 10.02 206.06483 180.50029 Tm
(of sea s)Tj
10.02 0 0 10.02 236.08025 180.50029 Tm
(p)Tj
10.02 0 0 10.02 241.12024 180.50029 Tm
(ray. )Tj
ET
EMC 
50.75999 178.15999 0.48001 11.52 re
f
296.04001 178.15999 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 166.7 244.8 11.46001 re
f
/P <</MCID 29 >>BDC 
0 g
BT
/TT0 1 Tf
0.0014 Tc 0.00011 Tw 10.02 0 0 10.02 56.7 168.9803 Tm
(Ant)Tj
10.02 0 0 10.02 71.67401 168.9803 Tm
(h)Tj
10.02 0 0 10.02 76.71411 168.9803 Tm
(r)Tj
10.02 0 0 10.02 80.01373 168.9803 Tm
(o)Tj
10.02 0 0 10.02 84.99371 168.9803 Tm
(po)Tj
10.02 0 0 10.02 94.99776 168.9803 Tm
(ge)Tj
10.02 0 0 10.02 104.40361 168.9803 Tm
(ni)Tj
10.02 0 0 10.02 112.18924 168.9803 Tm
(c so)Tj
10.02 0 0 10.02 128.06415 168.9803 Tm
(urce)Tj
10.02 0 0 10.02 145.28368 168.9803 Tm
(s i)Tj
10.02 0 0 10.02 154.47722 168.9803 Tm
(n)Tj
10.02 0 0 10.02 159.51732 168.9803 Tm
(cl)Tj
10.02 0 0 10.02 166.6817 168.9803 Tm
(ud)Tj
10.02 0 0 10.02 176.68575 168.9803 Tm
(e com)Tj
10.02 0 0 10.02 200.83722 168.9803 Tm
(bust)Tj
10.02 0 0 10.02 217.55876 168.9803 Tm
(i)Tj
10.02 0 0 10.02 220.32031 168.9803 Tm
(o)Tj
10.02 0 0 10.02 225.30029 168.9803 Tm
(n, )Tj
ET
EMC 
50.75999 166.7 0.48001 11.46001 re
f
296.04001 166.7 0.48001 11.46001 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 155.17999 244.8 11.52 re
f
/P <</MCID 30 >>BDC 
0 g
BT
/TT0 1 Tf
0.00121 Tc 0.00031 Tw 10.02 0 0 10.02 56.7 157.5204 Tm
(m)Tj
10.02 0 0 10.02 64.44151 157.5204 Tm
(i)Tj
10.02 0 0 10.02 67.20308 157.5204 Tm
(ni)Tj
10.02 0 0 10.02 74.98672 157.5204 Tm
(ng/)Tj
10.02 0 0 10.02 87.79245 157.5204 Tm
(q)Tj
10.02 0 0 10.02 92.77245 157.5204 Tm
(u)Tj
10.02 0 0 10.02 97.81256 157.5204 Tm
(ar)Tj
10.02 0 0 10.02 105.57317 157.5204 Tm
(ry)Tj
10.02 0 0 10.02 113.9019 157.5204 Tm
(i)Tj
10.02 0 0 10.02 116.66347 157.5204 Tm
(n)Tj
10.02 0 0 10.02 121.70358 157.5204 Tm
(g)Tj
10.02 0 0 10.02 126.68358 157.5204 Tm
( an)Tj
10.02 0 0 10.02 138.64468 157.5204 Tm
(d i)Tj
10.02 0 0 10.02 148.88835 157.5204 Tm
(n)Tj
10.02 0 0 10.02 153.92847 157.5204 Tm
(d)Tj
10.02 0 0 10.02 158.90846 157.5204 Tm
(u)Tj
10.02 0 0 10.02 163.94858 157.5204 Tm
(st)Tj
10.02 0 0 10.02 170.62001 157.5204 Tm
(ri)Tj
10.02 0 0 10.02 176.6702 157.5204 Tm
(al)Tj
10.02 0 0 10.02 183.89272 157.5204 Tm
( pr)Tj
10.02 0 0 10.02 194.73457 157.5204 Tm
(ocesses)Tj
10.02 0 0 10.02 224.79797 157.5204 Tm
( i)Tj
10.02 0 0 10.02 230.07968 157.5204 Tm
(n)Tj
10.02 0 0 10.02 235.05968 157.5204 Tm
(cl)Tj
10.02 0 0 10.02 242.28221 157.5204 Tm
(udi)Tj
10.02 0 0 10.02 255.08794 157.5204 Tm
(n)Tj
10.02 0 0 10.02 260.06793 157.5204 Tm
(g)Tj
10.02 0 0 10.02 265.10805 157.5204 Tm
( t)Tj
10.02 0 0 10.02 270.32964 157.5204 Tm
(h)Tj
10.02 0 0 10.02 275.36975 157.5204 Tm
(e )Tj
ET
EMC 
50.75999 155.17999 0.48001 11.52 re
f
296.04001 155.17999 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 143.66 244.8 11.52 re
f
/P <</MCID 31 >>BDC 
0 g
BT
/TT0 1 Tf
0.0004 Tc 0.0011 Tw 10.02 0 0 10.02 56.7 146.00029 Tm
(deliberate m)Tj
10.02 0 0 10.02 106.44992 146.00029 Tm
(a)Tj
10.02 0 0 10.02 110.89175 146.00029 Tm
(nufact)Tj
10.02 0 0 10.02 135.86742 146.00029 Tm
(ure )Tj
10.02 0 0 10.02 151.13475 146.00029 Tm
(of e)Tj
10.02 0 0 10.02 166.39107 146.00029 Tm
(n)Tj
-0.0027 Tc -0.0018 Tw 10.02 0 0 10.02 171.42 146.00029 Tm
(gin)Tj
10.02 0 0 10.02 184.20149 146.00029 Tm
(eer)Tj
10.02 0 0 10.02 196.40483 146.00029 Tm
(ed)Tj
10.02 0 0 10.02 205.8667 146.00029 Tm
( n)Tj
10.02 0 0 10.02 213.36665 146.00029 Tm
(a)Tj
10.02 0 0 10.02 217.80852 146.00029 Tm
(nop)Tj
10.02 0 0 10.02 232.81445 146.00029 Tm
(ar)Tj
10.02 0 0 10.02 240.59596 146.00029 Tm
(ticles. )Tj
ET
EMC 
50.75999 143.66 0.48001 11.52 re
f
296.04001 143.66 0.48001 11.52 re
f
/CS0 cs 1 0.8 0.60393  scn
51.24001 131.17999 244.8 12.48 re
f
/P <</MCID 32 >>BDC 
0 g
BT
/TT0 1 Tf
0 Tc 0 Tw 10.02 0 0 10.02 56.7 134.4203 Tm
( )Tj
ET
EMC 
50.75999 130.7 0.48001 0.47998 re
f
50.75999 130.7 245.75999 0.47998 re
f
296.04001 130.7 0.48001 0.47998 re
f
50.75999 131.17999 0.48001 12.48 re
f
296.04001 131.17999 0.48001 12.48 re
f
/Artifact BMC 
BT
/TT0 1 Tf
12 0 0 12 56.7 105.9803 Tm
(                                                )Tj
ET
EMC 
56.7 108.5 144 0.60001 re
f
/Artifact BMC 
BT
/TT0 1 Tf
12 0 0 12 200.7 105.9803 Tm
( )Tj
ET
EMC 
/Span <</MCID 33 >>BDC 
BT
/TT0 1 Tf
6.48 0 0 6.48 56.7 98.5403 Tm
(1)Tj
ET
EMC 
/P <</MCID 34 >>BDC 
BT
/TT0 1 Tf
10.02 0 0 10.02 59.94 94.0403 Tm
( )Tj
0.0033 Tw 9 0 0 9 62.46001 94.0403 Tm
(A nano-object is defined)Tj
9 0 0 9 151.2197 94.0403 Tm
( to)Tj
9 0 0 9 160.44106 94.0403 Tm
( be “m)Tj
0.0014 Tc 0.00191 Tw 9 0 0 9 184.38037 94.0403 Tm
(ateria)Tj
9 0 0 9 204.39838 94.0403 Tm
(l with)Tj
9 0 0 9 225.17245 94.0403 Tm
( on)Tj
9 0 0 9 236.40462 94.0403 Tm
(e, )Tj
9 0 0 9 244.89629 94.0403 Tm
(two or )Tj
9 0 0 9 270.45667 94.0403 Tm
(thre)Tj
9 0 0 9 284.4554 94.0403 Tm
 
(e )Tj
9 0 0 9 56.70001 83.53998 Tm
(extern)Tj
9 0 0 9 79.19392 83.53998 Tm
(al d)Tj
9 0 0 9 92.43672 83.53998 Tm
(i)Tj
9 0 0 9 94.95
( )Tj
0.00121 Tc 0.00031 Tw 10.02 0 0 10.02 304.73999 288.32024 Tm
(new)Tj
10.02 0 0 10.02 321.42146 288.32024 Tm
( areas)Tj
10.02 0 0 10.02 344.51193 288.32024 Tm
( o)Tj
10.02 0 0 10.02 352.01207 288.32024 Tm
(f)Tj
10.02 0 0 10.02 355.37183 288.32024 Tm
( sc)Tj
10.02 0 0 10.02 366.18362 288.32024 Tm
(i)Tj
10.02 0 0 10.02 368.94519 288.32024 Tm
(e)Tj
10.02 0 0 10.02 373.38712 288.32024 Tm
(nce an)Tj
10.02 0 0 10.02 399.29222 288.32024 Tm
(d t)Tj
10.02 0 0 10.02 409.59601 288.32024 Tm
(e)Tj
10.02 0 0 10.02 414.03792 288.32024 Tm
(c)Tj
10.02 0 0 10.02 418.41972 288.32024 Tm
(h)Tj
10.02 0 0 10.02 423.39972 288.32024 Tm
(nol)Tj
10.02 0 0 10.02 436.14534 288.32024 Tm
(ogy)Tj
10.02 0 0 10.02 451.16949 288.32024 Tm
(.)Tj
10.02 0 0 10.02 453.62946 288.32024 Tm
( T)Tj
10.02 0 0 10.02 462.21075 288.32024 Tm
(h)Tj
10.02 0 0 10.02 467.25087 288.32024 Tm
(ere)Tj
10.02 0 0 10.02 479.44237 288.32024 Tm
(f)Tj
10.02 0 0 10.02 482.742 288.32024 Tm
(ore)Tj
10.02 0 0 10.02 495.49463 288.32024 Tm
(,)Tj
10.02 0 0 10.02 498.01472 288.32024 Tm
( i)Tj
10.02 0 0 10.02 503.29643 288.32024 Tm
(t)Tj
10.02 0 0 10.02 506.058 288.32024 Tm
( i)Tj
10.02 0 0 10.02 511.33969 288.32024 Tm
(s)Tj
10.02 0 0 10.02 515.23854 288.32024 Tm
( )Tj
0.0016 Tc -0.00011 Tw 10.02 0 0 10.02 304.73999 276.8002 Tm
(im)Tj
10.02 0 0 10.02 315.22296 276.8002 Tm
(port)Tj
10.02 0 0 10.02 331.38933 276.8002 Tm
(a)Tj
10.02 0 0 10.02 335.83121 276.8002 Tm
(nt)Tj
10.02 0 0 10.02 343.6188 276.8002 Tm
( t)Tj
10.02 0 0 10.02 348.84021 276.8002 Tm
(o)Tj
10.02 0 0 10.02 353.88029 276.8002 Tm
( )Tj
10.02 0 0 10.02 356.34015 276.8002 Tm
(ha)Tj
10.02 0 0 10.02 365.74797 276.8002 Tm
(ve )Tj
10.02 0 0 10.02 377.69884 276.8002 Tm
(ro)Tj
10.02 0 0 10.02 386.03151 276.8002 Tm
(b)Tj
10.02 0 0 10.02 391.01147 276.8002 Tm
(u)Tj
10.02 0 0 10.02 396.05156 276.8002 Tm
(st)Tj
10.02 0 0 10.02 402.72693 276.8002 Tm
( anal)Tj
10.02 0 0 10.02 421.96437 276.8002 Tm
(y)Tj
10.02 0 0 10.02 426.88422 276.8002 Tm
(t)Tj
10.02 0 0 10.02 429.64575 276.8002 Tm
(i)Tj
10.02 0 0 10.02 432.40729 276.8002 Tm
(cal)Tj
10.02 0 0 10.02 444.09869 276.8002 Tm
( appr)Tj
10.02 0 0 10.02 464.43533 276.8002 Tm
(oac)Tj
10.02 0 0 10.02 478.30811 276.8002 Tm
(h)Tj
10.02 0 0 10.02 483.34819 276.8002 Tm
(e)Tj
10.02 0 0 10.02 487.72995 276.8002 Tm
(s)Tj
10.02 0 0 10.02 491.62875 276.8002 Tm
( f)Tj
10.02 0 0 10.02 497.44835 276.8002 Tm
(o)Tj
10.02 0 0 10.02 502.48843 276.8002 Tm
(r )Tj
-0.00079 Tc 0.0023 Tw 10.02 0 0 10.02 304.73999 265.34026 Tm
(ch)Tj
10.02 0 0 10.02 314.22105 265.34026 Tm
(aracterisin)Tj
10.02 0 0 10.02 355.90498 265.34026 Tm
(g )Tj
10.02 0 0 10.02 363.36705 265.34026 Tm
(n)Tj
10.02 0 0 10.02 368.40718 265.34026 Tm
(a)Tj
10.02 0 0 10.02 372.84912 265.34026 Tm
(nop)Tj
10.02 0 0 10.02 387.89336 265.34026 Tm
(articles, t)Tj
10.02 0 0 10.02 424.48616 265.34026 Tm
(o)Tj
10.02 0 0 10.02 429.52629 265.34026 Tm
( m)Tj
10.02 0 0 10.02 439.72783 265.34026 Tm
(a)Tj
10.02 0 0 10.02 444.16977 265.34026 Tm
(x)Tj
10.02 0 0 10.02 449.2099 265.34026 Tm
(i)Tj
10.02 0 0 10.02 452.03159 265.34026 Tm
(m)Tj
10.02 0 0 10.02 459.713 265.34026 Tm
(i)Tj
10.02 0 0 10.02 462.47456 265.34026 Tm
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Table 1.  Comparison of the properties of nominally spherical 
nanoparticles and their likely penetration into the human respiratory 
system. Particle size has a dramatic effect on the physical properties of a 
collection of particles. Mass-based measurements are heavily weighted 
towards the largest particles, whereas smaller particles have a much 
larger surface area per unit mass. 
 

Particle 
Diameter  

(nm) 

Relative Mass 



Gas Phase (Aerosols) 
Nanoparticles in the gas phase may be monitored using a 
range of commercially available and relatively low cost 
equipment. Generally, these instruments are quite robust 
and can be used for prolonged periods with little attention. 
They are also generally resistant to matrix effects. 
However, relative humidity and volatile organic species 
can sometimes affect measurements. Unlike the condensed 
phases, aerosols cannot be stored for later analysis and so 
reproducible sampling is very important. A range of inlets 
has been designed for different applications to reduce 
inconsistencies in this respect. 
 
• ‘Concentration’: usually expressed as a number 
concentration or mass concentration. The latter will 
strongly weight the distribution curve in favour of larger 
particles - a single 10 µm diameter particle weighs the 
same as 1 million 100 nm particles! 
• Size: there are many methods for measuring particle 
size but comparability between them is a problem. They 
include optical and aerodynamic methods, but these give 
no information about variations in morphology. 
• Surface area: There are few routine surface area 
techniques available. The most common involves 
charging the aerosol using a corona discharge and 
measuring the charge concentration. Such methods are 
usually calibrated against size distribution measurements. 
• Charge: collisions of air ions with particles result in a 
steady state charge distribution. This distribution is 
Boltzmann-like, with small particles bBo m
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