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1. INTRODUCTION 

Hair and fibers are routinely collected at crime scenes for subsequent forensic analysis, lqair is 
typically inspected by microscope techniques to determine color, thic "toaess, and shape. If the hair 
sample has a root, genetic screening techniques may be employed to add these data to the 
evidence pool. Recent advances in determining mitochondrial DNA enable genetic 
characterizations of small hair samples without root cells. Maternal relations have 
indistinguishable mitochondrial DNA, so this type of genetic information has limitations. 
Mitochondrial DNA characterization along with a chemical analysis of hair could provide 
valuable complementary information to current forensic analysis of hair. 

On-line supercritical fluid extraction - gas chromatography/mass spectrometry (SFE-GC/MS) has 
been proposed as a method for characterizing small samples (p,g to mg of sample material) 
[1-3] ~. The method offers a number of benefits including increased sensitivity compared with 
liquid extraction methods because the entire extractable mass is transferred to the analytical 
system, compared with only a few percent fi'om a conventional liquid extraction/injection. 
Another benefit of the on-line technique is higher recoveries of volatile species, components that 
would be lost during a multistep liquid extraction and concentration. In some sample-limited 
cases, SFE-GC/MS may be the only way of obtaining qualitative/semiquantitative chemical 
information from a sample. 

INumbcrs in brackets rcfer to suggested readings in section 4. 



The SFE of hair discussed in the literature over the last few years has dealt mainly with off-line 
methods for extracting drugs-of-abuse flom surface and internal regions of hair [4]. Only a few 
groups have attempted to extract and measure othe, surface components present on bulk hair (rag 
to g quantities), most focusing on residues from shampoo treatment [5,6]. Application of on-line 
SFE-GC/MS to small hair samples has yet to be discussed in the scientific literature, but might 

• provide useful chemical information to complement morphological and genetic data. 

This report discusses the results of an SFE-GC/MS study, of small samples (100 [.tg to 1 nag) of 
human hair. The three goals of this study were: 

1. To investigate the feasibility of distinguishing children's from adults' hair by the relative 
abundances of squalene and cholesterol; 

2. To detemline if SFE-GC/MS analyses of an individual's hair yields consistent chemical 
profiles, yet are sufficiently different from those of other individuals to distinguish them; 
and 

3. To perfoml a study whereby "blind" samples from a pool of 20 previously characterized 
human hair samples are processed by SFE-GC/MS in order to match these unknown 
samples with the correct source hair samples. 

2 



2. EXPERI MENTAL METItOI)S  2 

2.1 Samples 

Hair samples were collected from volunteers by a procedure approved by the NIST Human 
Ethics Research Board. Volunteers were asked to follow instructions included in the sampling 
kit, which detailed how the hair samples were to be collected so as to minimize contamination. 
Briefly, volunteers were asked to wear nylon gloves prior to handling and cutting hair with 
solvent-cleaned stainless-steel scissors and then to transfer the hair samples to clean 4 mL amber 
vials (all items included in sampling kit). Volunteers were also asked to note their age, gender, 
and time since last hair-washing on the sample label. A total of  20 volunteers participated in the 
study, including 8 adults (5 female, 3 male, 30 to 40 years old) and 12 children (8 female, 4 male, 
4 months to 8 years old; see table I). Volunteers were not asked to specify the area on the head 
from which the hair was sampled, so this information is not available. For the blind study, a 
third party (Dr. Michael J. Welch, NIST), transferred hair fiom sample vials from three 
volunteers to pre-cleaned vials labeled "Blind A," "Blind B," and "Blind C." 

2.2 SFE-GC/MS 

The SFE-GC/MS apparatus is shown in figure 1. A Hewlett-Packard 5890 GC and 5970 MS 
were used for this study, and the MS was tuned daily to ensure that the sensitivity and mass scale 
calibration were within desired operating specifications. Hair samples were weighed and 
transferred to an extraction vessel (40 [.tL internal volume), pressurized to 400 arm with 
SFE/SFC grade CO 2 using a syringe pump for a 10-min static extraction at 100 °C after which a 
30 cm x 0.14 mm OD (25 btm ID) uncoated/deactivated linear restrictor was inserted in the GC 
column (60 m x 0.25 mm, 25 bl.na, DB-5ms, J&W Scientific) through a manual on-column 
injector. A shut-offvalve was then opened, beginning a 10-rain dynamic SFE whereby the 
extracted components of  the hair's surface were transferred and deposited in the GC column, 
which was maintained at - 30 °C using N 2 (liq). After the dynamic SFE, the restrictor was 
removed from the injector and the column was heated at 60 °C/min to 50 °C then heated more 
gradually at 4 °C/rain to 300 °C during which time the MS was scanned from 50 m/z to 550 m/z 
(0.8 scans/s). 

Peak identifications were based on results from processing a standard solution containing a 
number of fatty alcohols, free fatty acids, squalene, and cholesterol through the SFE-GC/MS 
procedure, as well as performing automated searches of  mass spectra of  individual 
chromatographic peaks using the NIST/EPA/NIH Mass Spectral Library (version 1.6, December 
1997) linked with the GC/MS data station software (Enhanced Chem Station version A.0300, 
Hewlett-Packard). Considering 1,000 as the highest match score possible with the search 

2Mention of  trade names or commcrcial products does not constitute endorscmcnt or rccommendatioz~ for use by thc National 
Institute of Standards and Tcchnology (NIST), nor docs it imply that the matcrials or cquipmcnt idcntificd arc necessarily the best availablc for 
thc purposc. 
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Figure 1. On-line SFE-GC/MS apparatus 



software described above, documentation flom this same software states that a score of  >_ 800 
suggests a match with a relatively high confidence level. Results from processing the standard 

solution (described above) through the SFE-GC/MS analysis and mass spectral search program 
yielded match scores ranging fiom 796 to 953. It should be noted that the matcli score can be 
affected significantly by such factors as lhe peak's signal-to-noise ratio, co-eluting components 
(including background contributions), instrumental factors (high mass sensitivity and mass 
calibration), as well as the quality of  the spectra in the librao,. Considering these points and 
experience fl'om many mass spectral searches, peaks in sample hair extractions were tentatively 
identified when the peak's match score was >_650 and after careful comparison of  the unknown 
and matched spectra (see table 2 for peak identifications). 

Table 1. Sample roster for on-line SFE-GC/31S of httman hair study 

Sample Identification No. Gender and Age 

I Male, 39 yr 

2 Female, 42 yr 

3 Male, 6.5 yr 

4 Female, 39 yr 
5 Feinale, 5.5 yr 

6 Female, 32 yr 

7 Male, 28 mo 

8 Male, 2.5 yr 

9 Female, 35 yr 

10 Male, 4.5 mo 

I 1 Female, 5 yr 

12 Female, 8 yr 

13 Female, 8 yr 

14 Female, 8 yr 

15 Female, composite 3 to 6 yr 

16 Female, 2.5 yr 

17 Female, 8 yr 

18 Male, 39 yr 

19 Male, composite 36 to 39 yr 

20 Female, composite 36 to 39 yr 

5 
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Table 2. Identi.]Tcations of components from on-line SFE-GC/MS of human hair 
(peak nttntbers indicated injqgttres in this repor 0 

Peak No. Identification a 

1 tetradecanoic acid 

2 pentadecanoic acid 

3 pentadecanol 

4 hexadecenoic acid 

4a hexadecanol 

5 hexadecanoic acid 

6 hexadecanoic acid ester 

6a 2-hydroxy-3,3,5- t r imethylcyclohexyl-  
benzoic acid ester (homosalate) b 

6b heptadecanol 

7 octadecenoic acid 

8 2-ethyllaexylmetlaoxycinnamate b 

9 octadecanoic acid 

10 2-ethylhexymethoxycinnamate b 

11 diisooctyl-  or bis(2-ethylhexyl)  phthalate 

12 squalene 

12a octadecane 

13 dodecanoic acid ester 

14 cholesterol 

15 hexadecanoic acid 

• 16 tetradecanoic acid, C~6 ester 

17 hexadecenoic acid, C~8 or C=o ester 

18 hexadecanoic acid, Ci6 ester 

18a hexadecenoic acid, Cjs ester 

19 hexadecenoic acid, C~s ester 

20 hexadecanoic acid, C~8 ester 

°Identifications based on results from standard runs and searches of the NIST/EPA/NIH Mass Spectral Library 
(version 1.6, December 1997). 

bCompounds present in sunscreen formulations. 



To ensure that the analytical system was not contaminated prior to processing a hair sample, a 
blank run was t?erformed between hair sample analyses. Tile blank run resul(ed flom processing 
tile empty SFE extraction vessel and associated plumbing through the same SFE-GCkMS method 
as the individual hair samples. If there were significant peaks detected in the resulting SFE- 
GC/MS chromatogram of the blank, the elnpty SFE extraction vessel was processed additional 
times (typically one to two additional blank runs) so as to minimize any blank contribution to the 
subsequent hair analysis. 

7 



3. RESULTS AND DISCUSSION 3 

The work described in this report was designed to take advantage of the inherent sensitivity of 
on-line SFE-GC/MS as applied to small samples of hair - a sample-type important in forensic 
analysis. The project's general goals were to investigate what chemical species were detectable 
in small samples of hair, how reproducible were the chemical profiles from one individual, and if 
these chemical profiles could be used to distinguish individuals from one another. Such data 
could be used in guiding the investigations of law enforcement officials, possibly helping them 
narrow down the pool of suspects for a specific crime. Although the set of 20 samples used in 
this study is not a large number, we judged it to be sufficient to establish feasibility of the 
scientific approach. 

The sources of residues for human hair include (see fig. 2) naturally-deposited components (from 
sebaceous and sweat glands), artificially-deposited species (from conditioners and treatments), 
and environmental contaminants (e.g., occupational exposure). Regardless of the sources of 
specific components detected in a hair sample, the extracted chemical profile of a person's hair 
sample might exhibit a unique "chemical fingerprint" that could be used for distinguishing 
individuals (e.g., victims from suspects). 

To check for completeness of extraction of surface components, samples fiom two individuals 
(samples #1 and #16) were processed by SFE-GC/MS, and the same samples were extracted and 
analyzed a second time. Figures 3 and 4 show that the first extraction removed the majority of 
the extractable components. Results of the second extraction for sample #16 (fig. 4) yielded 
slnall but detectable responses for five species. Our general conclusion was that the SFE 
conditions used for this study (see sec. 2.2) were sufficient to extract the bulk of the surface 
residue of a small hair sample (100 lag to 1 nag) in one extraction, providing a characteristic 
chemical profile of the residues. 

PreliminarT results from a small number of hair samples (n = 5) processed in 1993 suggested 
that squalene was a consistent surface component of hair from both adults and children, and that 
cholesterol was a prominent component in surface extracts of children's hair. From these 
preliminarT conclusions, it was thought that the ratio of squalene-to-cholesterol might distinguish 
children's from adults' hair. For this latest study involving hair samples from 20 volunteers (see 
table 1 for sample roster and Appendix A for SFE-GC/MS chromatograms), squalene was not 
detected in 4 of the 12 children's hair samples, but was detected in all of the adult samples. 
Eight of the 12 children's samples yielded relatively large cholesterol response, and 4 of 12 
children's samples yielded detectable but small cholesterol peaks. On the other hand, only 1 of 8 
of the adult hair samples yielded a relatively large cholesterol peak, and the remaining 7 adult 
samples yielded a detectable but small cholesterol peak. Since squalene was not always detected 
in the children's hair samples in the pool of 20 volunteers used in this study, the squalene-to- 
cholesterol ratio would not be a viable way of distinguishing children's hair from adults' hair. 

3For all GC/MS chromatograms presented in this report, abundance (y-axis title) represents the output of the ion counting device of 
the mass spectrometric detector (proportional to mass). 
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S a m p l e  #1, Male ,  39 y, 200 ~tg 
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Cholesterol was a prominent peak in the majority of the hair samples fiom children, and may be 
used as a way of distinguishing children's fiom adults' hair. 

Most of the 20 hair samples (17 of 20) were processed at least twice, and 10 of the samples were 
analyzed three times or more by SFE-GC/MS to determine the reproducibility of the resulting 
chemical profiles. In general, multiple trials of the same individual's hair yielded similar 
chemical profiles. Some differences were observed in the relative abundances of the individual 
peaks as shown with the results of four runs of Sample #11 (see chromatogram in Appendix I). 
Peak 12a in sample #11, tentatively identified as octadecane, was the prominent peak observed in 
the first two runs, but absent from the last two trials. The results for trials 2 through 4 did yield 
similar chemical profiles, except for the predominance of peak 12a in trial 2. One would expect 
that some of the materials coating the surface of hair would not be homogeneously distributed 
over the hair, because the sources of the materials (natural, artificial, and environmental), by their 
nature, would deposit components in isolated locations and might not be smoothed uniformly 
throughout the hair on the individual. 

Commonly observed components in the on-line hair extracts were squalene, cholesterol, fatty 
alcohols, fatty acids, and fatty acid methyl esters (FAMEs), all of which are present in secretions 
of the sebaceous gland (sebum). Other components extracted from hair include phthalates (peak 
#11), possibly fi'om residues of shampoo stored in plastic bottles, and three peaks identified as 
sunscreen components (peak #'s 6a, 8, and 10), whose source could be either a sunscreen and/or 
hair treatment product. It is likely that a number of the components present in sebum are also 
ingredients in hair care products used by both adults and children. As a simple summalT, table 3 
shows specific components detected in the 20 samples of this study. Considering the seven 
volunteers whose hair samples yield the simplest chromatograms (< 7 peaks), five were children 
(4.5 mo to 8 yr), and two were adults (male, 39 yr and female, 32 yr). The six hair samples 
yielding the most complicated chromatograms (2 12 peaks) included four from adult females, 
one from an adult male, and one from a juvenile female. The eight hair samples containing one, 
two, or all three of the sunscreen components (peak #'s 6a, 8, and 10) included five from juvenile 
females, two from adult females, and one from a juvenile male. Four of these juvenile female 
samples were collected during the summer when many parents apply sunscreen as a barrier 
against sunburn. It is quite possible that the sunscreen residue could be transferred to the hair by 
touch or even by deliberate application to the scalp. It is also possible that the presence of these 
sunscreen components in adult hair could be from an application of a hair treatment, as many 
cosmetic products include sunscreens in their formulations. Regardless of the sources of the 
sunscreen components, their presence in hair may serve to help link a crime-scene sample with 
that removed from a victim or suspect. 

In contrast to the chemical characterization technique described above, state-of-the-art 
mitochondrial DNA (mtDNA) characterization techniques have been discussed in some detail in 
the scientific and popular literature and provide confirmation of maternal relationships, since 
these mtDNA sequences are indistinguishable. Chemical profiles from this work for maternal 
relations were typically quite different and could add important complenaentary information to 
that from mtDNA sequencing data. For example, samples 8 through 10 include a mother 
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Table 3. Summary of qualitative results of SFE-GC/MS of human hair saml)les (see table 2for identifications) 
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(sample #9) and her two young sons (samples #8 and #10). The chemical profiles of the sons are 
similar yet distinguishable fiom each other, and easily distinguishable fiom their mother, whereas 
these three samples are likely to have indistinguishable mtDNA sequences. 

It should be noted that from knowledge of the instrument detection limit and results of standard 
runs, that the COlnponents observed in an SFE-GC/MS analysis of a small hair sample are 
typically present at concentrations of approximately 1 ng/~g (1 part-per-thousand). 
Tiffs suggests that the total extractable mass fiom hair may be 2 percent to 5 percent (mass 
fraction). For measuring individual trace components on the hair's surface using the same 
instrument, the GC/IX4S system would need to be operated in the selected-ion mode, instead of 
the scan mode used for this study. Associated work for this study compared the results of SFE- 
GC/MS of the same subject's hair processed using both a GC/quadrupole MS (previous to this, 
solely used for on-line hair analysis) and a relatively new GC/ion trap MS. The experimental 
conditions used for both analyses were identical with the same type of GC column used in both 
instruments (60 m x 0.25 mm DB-5ms, 0.25 p.m phase thickness). Comparison of the results of 
on-line SFE-GC/MS performed on the two instruments is shown in figure 5, and a similar pattern 
in the detected peaks and their relative amplitudes is observed. Although the sample size used 
for the SFE-GC/MS on the ion trap instrument was 37 percent less than that of the quadrupole 
MS, the signal-to-noise ratios observed for the ion trap run were significantly greater than those 
of the quadrupole MS. Comparisons of the mass spectra of the corresponding peaks in the two 
chrolnatograms shove greater relative abundances of higher mass ions in spectra from the ion trap 
MS. This enhancement has also been observed during calibration of the ion trap detector and 
results from the design and operation of this MS. Such biases in mass spectra from this 
instrument could affect the analyte identification by spectra-search algorithms. In addition, we 
have observed a trend of lower relative response for later eluting species on the ion trap MS, 
attributed to losses in the transfer line (observed in fig. 5). Once these potential problems are 
addressed, the benefits of absolute and high mass sensitivities of the ion trap MS described above 
suggest that it could be suitable for on-line SFE-GC/MS of samples of human hair as small as 
10 ~g (hair segment ~ 1 mm to 2 mm long). 

As a challenge for the teclmique, a blind study was performed in which a third party selected hair 
samples from three of the 20 volunteers. The results of the blind study were mixed. The data 
analysis was kept as simple as possible, consisting of visual comparisons of the chemical profiles 
of the three blind samples with previous SFE-GC/MS runs of the hair from the 20 volunteers. 
Blind sample A (see fig. 6) was incorrectly identified as sample #5 (female, 5.5 yr); instead the 
correct match was sample #8 (male, 2.5 yr). The chemical profiles of sample #5 and #8 were 
similar; however, the sunscreen component 2-ethylhexyhnethoxycinnamate was not detected in 
the one run performed on sample #8, although it was present as one of the prominent peaks in 
blind sample A. Blind sample B (see fig. 7) was correctly matched with sample #6, mainly by 
the prominence of peaks identified as hexadecanol and taeptadecanol. Blind sample C (see fig. 8) 
was correctly identified as sample #14, since it included a rather unique suite of eight peaks, 
including one that could not be identified after searching the NIST/EPA/NIH Mass Spectral 
Library. In general, correctly matching two of three unknown samples from a pool of 
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20 samples is encouraging but also raises some COllcerns of  the consistency of the chemical 
profile flom an individual's hair, concerns that could be either confirmed or lninimized by 
additional sampling and analyses. 

Success ill matching "unknown" hair samples with those flom known individuals depends oll tile 
consistency of the chelnical profiles flom a specific individual's hair, tile distinguishing 
characteristics ill cllemical profiles between individuals, and the model or method used in 
establishing a data match. This preliminary study, while considering a modest number of  head 
hair sainples (n = 20), suggests that analysis of the surface components of  small hair samples 
(100 btg to 1 nag) by* SFE-GC/MS may hel t) match hair samples taken at a crime scene with those 
of specific individuals. The conclusions of  this feasibility study generally encourage further 
investigation of a number of  factors that could influence tile chemical profile of the surface 
components from an individual's hair, as well as the reproducibility of  that chemical profile. 
These factors include, but are not limited to, the location fiom where the salnple was taken, any 
treatments applied to the hair by the individual, and the age of the hair sample (fresh or 
archived). Additional considerations of a subsequent study might be the consistency of chemical 
profiles of hair fiom areas other than the head as well as more specific detection of trace level 
species that might better serve to distinguish all individual than the higher level components 
discussed in this leport. 
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Appendix A. S F E - G C / M S  Chromatograms of Hair  Samples From 20 Volunteers Used in 
Trace Evidence Feasibility Stud), (See Table 2 for Peak Identifications) 

23 





1200000 

800000 

400000 

0 

Standard, 80 - 120 ng (component mass range) 
4a 

1 

kz 

12 

9 14 

~ =  % . . . .  . • ,~ . . . .  m.~ ¸ : ~ - - w  

• i . • i . . . .  i 

3000000 

2000000 

1000000 

Sample #1, Male, 39 y,2j204 #g 

18a 

 iil il l i ° 

600000 

400000 

200000 

0 

Sample #1, Male, 39 y, 156/zg 
12 

E 

30 35 40 45 50 55 

18a 
16 I 20 

60 65 70 75 80 85 
min 

A-1 



¢D 

= 

6000000 

4000000 

2000000 

0 

.8000000 

6000000 

4000000 

2000000 

0 

Sample #2, Female, 42 y, 317/~g 
12 

A 1'~,/ 1718 17 20 1 2 10 " 

Sample #2, Female, 42 y, 292/~g 
12 

5 

~ 9 14 16 
10 ~ 1 8  1920 

= 
= 

1200000 

800000 

400000 

0 

1200000 • 

800000 

400000 

0 

Sample #3, Male, 6.5 y, 167/,g 
12 

z 

] 

, 4 

8 10 ~, 
..... . .~= LC._~-~- ,~ 

Sample #3, Male, 6.5 
14 

y, 220 #g 

30 35 40 45 50 55 60 65 70 75 80 
min 

85 

A-2 



2000000 

1500000 

1000000 

500000 

0 

3000000 

2000000 

1000000 

0 

300000 

200000 

100000 

0 

1200000 

800000 

400000 

0 

5 
Sample #4, Female, 39 y, 188 Atg 

12 

9 
1 2 } 1718 17 
] ] I 14 16 t/ 120 

Sample #4, Female, 39 y, 221 btg 

9 18 

~ f ~  7 1416 17,1 1920 

Sample #5, Female, 5.5 y, 600 #g 
l j 4  116 " 18 

8 10 

Sample #5, Female, 5.5 y, 1.1 mg 
14 

: 8 10 12 
6a 

18 

30 35 40 45 50 55 60 65 70 75 80 85 
rain 

A-3 



= 

= 
= 

1500000 

1000000 

500000 

0 

1200000 

800000 

400000 

1200000 

800000 

400000 

Sample #6, Female, 32 y, 118/zg 
4a 

6b 

5 
12 1416 18 

4a Sample #6, Female, 32 y, 120/zg 
6b 

5 

. a - .  _ • • 

i 

0 

700000 

500000 

300000 

100000 

18 

Sample #7, M: 
12 

. 5 6b 

fie, 2 y, 140/zg 
14 

16 
18 
/ 

Sample #7, Male, 2 y, 181/zg 
14 

12 

! ~ 6b / /  

20 

16 
18 20 

30 35 40 45 50 55 60 65 70 75 
min 

80 85 

A-4 



800000 

600000 

400000 

200000 

0 

800000 

600000 

400000 

200000 

.'~ 0 

2000000 

1500000 

1000000 

500000 

0 

Sample #8,1 

5 9 

Male, 2.5 y, 216,ug 
14 

12 

Sample #9, Female, 35 y, 139 #g 

3 

18 

2 15 
16 

~ ~  1920 

5 Sample #9, Female, 35 y, 370 ,ug 

9 12 
14 

1 23.1[ 6 7l lo . .  13 /I 171 [ 

1200000 

800000 

400000 

0 . . . . . . . .  - - 7 ~ - - - - ~ [  . . . . . . .  V - ' - "  . . . . . . .  ; . . . . . . . .  ' - - r  

30 35 40 45 50 55 60 
rain 

Sample #10, Male, 4.5 m, 181 #g 

5 12 I 
9 14 

11 I 

6'5 70 75 8() 85 

A-5 



1000000 

800000 

600000 

400000 

200000 

0 

1000000 

800000 

600000 

400000 

200000 

0 

1000000 

800000 

600000 

400000 

200000 

0 

1000000 

800000 

600000 

400000 

200000 

0 

Sample #11, Female, 5 y, 260/~g 
12a 

.i 

] 

? 

J 

i 8 10 !1 18 20 

Sample #11, Female, 5 y, 840/zg 
12a 

~ 8 
~ 10 

6a 

Sample #11, 
8 

10 

Female, 5 y, 900/~g 

Ill 

6• 
14 18 2 [I 116 ~o 18a 29 

"F 
] 

i 
1 ] 

1 

f 

] 

i 
i 

Sample #11, 
I 

6 a  

10 

Female, 5 y, 800 #g 

30 35 40 45 50 55 60 65 70 75 80 85 

min 

A-6  



= 

= 
= 

400000 

300000 

200000 

100000 

700000 

500000 

300000 

100000 

0 

1200000 

800000 

400000 

Sample #12, Female,  8 y, 306 #g 

6b 8 
14 

18 20 

12 

3 IL~~ 
Sample #12, Female,  8 y, 365 #g 

6o 8 14 

5 
12 

10 I 18 20 

0 

1400000 

1200000 

800000 

400000 

0 

Sample #13, Female,  8 y, 416 #g  

5 
_ ~  8 14 J 18 

6bl 12 1,16 AT . 

i ' E ' i -~ ' ' I " ' ~ - - i  

3 
Sample #13, Female,  8 y, 608 #g 

5 8 14 

I 6bl lo 12 116 18 

- -  " ~ . . . . . . . .  ~ . . . . . . .  ~ . . . . . . . . . . . . .  ; . . . . .  ~ [ - ~ - ' - " ~ - i  - =  : - " : - i  ' i = ~ T : - ' -  ' - ; - ' = - - ' ~  5 : = 

30 35 40 45 50 55 60 65 70 75 80 85 

rain 

A-7 



3000000 

2000000 

1000000 

0 

1200000 

800000 

400000 

0 

1200000 

800000 

400000 

0 

Sample #14, Female, 8 y, 322/~g 

14 

4a 
9 

18a 

Sample #14, Female, 8 y, 288 #g 
14 

9 

4a 
18a 

Sample #14, Female, 8 y, 149 ktg 
9 

4a 

5 

60 65 
rain 

18a 
14 

35 40 45 50 55 

20 
/ 

70 75 80 85 

A-8 



Sample #1.5, Female, 3-6 y, 601)/zg 

D 

= 

4000000 

3000000 

2000000 

1000000 

4000000 

3000000 

2000000 

1000000 

10 17 

13 16 l 18a aad 2a _ 
Sample  #15, Female,  3-6 37, 450 # g  

14 18a 

Sample  #15, Female,  3-6 y, 440/zg  

6000000 

4000000 

2000000 

0 
30 

E 

35 

]/6 
I ,, 1 7  

_ 81 . 113 14/ ] 18a 

40 45 50 55 60 65 70 75 80 85 
rain 

A-9 



500000 

400000 

300000 

200000 

100000 

0 

1200000 

Sample #16, Female, 29 months, ll7,ug 
12 141 181 19 20 

11 , / 

Sample #16, Female, 29 months, 555/,g 
12 

¢D 

800000 

400000 

0 

1200000 

17 

Sample #17, Female, 8 y, 299 #g 
18 

800000 

400000 

I 1416  I 
1,1 I I 171 19 20 

12 , , 

0 " 

1200000 

800000 

400000 

0 

Sample #17, Femalef8 ~ y, 122/zg 

/ 
,14 161 
I,, 11920 

30 35 40 45 50 55 60 65 70 75 80 85 

min 

A-IO 



4000000 

3000000 

2000000 

1000000 

0 

6000000 

4000000 

2000000 

5000000 

4000000 

3000000 

2000000 

1000000 

0 

Sample #l 8, Male, 3 

5 

12 
9 y, )39 ,ug 

18 
14 16 17 . . .  

1 9 Z U  

Sample #18, Male, 39 y, 206 #g  
12 

17 
14 5 I 18 19 20 

1 41 6b 

o . . . . . . . . . . . . . . . . . . . . .  • 

Sample #19, Male ,  36 - 39 y, 136 # g  
12 

5 

7 9 14 18 

3000000 

Sample #19, Male, 36 - 39 y, 132 ~g  
12 

2000000 

1000000 

0 
30 35 

~ 9  14 16 

40 45 50 55 60 65 70 75 80 85 
rain 

A-11 
I 



¢D 
¢.9 

1000000 

800000 

600000 

400000 

200000 

0 

Sample  #20, Female,  36 - 39 y, 266 # g  

5 
18 

12 

9 

1 2/3H 1 

15 
14 / 17 

20 

30 35 40 45 50 55 60 65 70 75 80 85 
rain 

A-12 




