
 

CHEMICAL ANALYSIS OF RESIDUES 
IN GLASS BOTTLES  
FOR THE MARKET STREET 
CHINATOWN ARCHAEOLOGY 
PROJECT 

 

 

 

 

 

Authored by 
 

Ray von Wandruszka,  
Alicia Fink, 

Tara Garcia Summer,  
Elizabeth Harman, 

and Anton Shapovalov 
 

 

 

 

 

 

 

 

 

MSCAP Technical Report 8 
Prepared by University of Idaho, Department of Chemistry, Moscow, Idaho 

Compiled in October 2014 at the Historical Archaeology Laboratory, 
Stanford Archaeology Center, Stanford University, Stanford CA 94305 

http://marketstreet.stanford.edu/


 
 

PREFACE TO MSCAP  TECHNICAL REPORT 8 
 

 In 2010, Dr. Mark Warner, Associate Professor of Sociology and Anthropology at University of 

Idaho, casually mentioned to me that a colleague of his in the chemistry department was conducting 

chemical studies of residues in glass bottle artifacts from historical archaeology projects. This 

conversation led to a two-year collaboration between the Market Street Chinatown Archaeology Project 

and Dr. Ray von Wandruszka in the Department of Chemistry of University of Idaho. In all, fifteen glass 

bottles from the Market Street Chinatown Archaeology Project were analyzed by Dr. von Wandruszka 

and his students, using an innovative combination of classical techniques and modern instrumental 

methods. The results, presented here in full, reveal fascinating details of daily life in the Market Street 

Chinatown. Most of the bottles containing residue turned out to be “stone drugs” – ground and 

powdered minerals used in Traditional Chinese Medicine to treat a wide variety of ailments. Three 

others contained calamine lotion – a mineral-based ointment – historically used in both China and the 

west. The predominance of mineral-based medicines in these analyses is likely due to preservation 

factors: while water-based, alcohol-based, and plant or animal-based bottle contents typically evaporate 

or decompose over time, mineral-based contents are more likely to remain intact. 

Other identified materials included cosmetic foundation and reserved vegetable oil. Dr. von 

Wandruszka and his students also conducted analysis of the patina on glass bottle 85-31-24-1, which is 

reported here; and of a substance adhering to wood specimens, which is reported in MSCAP Technical 

Report 6: Wood and Charcoal Specimen Analysis. 

 The Market Street Chinatown Archaeology Project is grateful to Dr. von Wandruszka and his 

students for this important contribution to our study of daily life in 19th century San Jose. At Stanford, 

Marguerite De Loney and Megan Kane sorted through dozens of boxes of glass artifacts to identify 

specimens potentially containing residues suitable for analysis. Megan Kane facilitated the transfer of 

these specimens to Dr. von Wandruszka’s laboratory for the duration of the analysis. Several members 

of Chinese Historical and Cultural Project, especially Lee Liu Chin, shared information about their 

experiences with Traditional Chinese Medicine. 

Barbara L. Voss 

Principal Investigator, Market Street Chinatown Archaeology Project 

  



 
 

LIST OF ANALYZED BOTTLES  
 

Catalog number Interpretation of Contents 

 
85-31-00-0014 cosmetic foundation 

85-31-00-1105 vegetable oil 

85-31-18B-1 cinnabar (stone drug) 

85-31-20-220 ophicalcite (stone drug) 

85-31-24-1 patina analysis 

85-31-24-1 dirt 

85-31-24-27 dirt 

85-31-27-11 calamine lotion 

85-31-34-15 magnetite (stone drug) 

86-36-05-692 calamine lotion 

86-36-05-693 calamine lotion 

86-36-05-694 minium (stone drug) 

86-36-05-961 dirt 

86-36-11-02 
compounded charcoal and mineral (stone 
drug) 

86-36-17-86 ferrous carbonate (stone drug) 

88-91-26-317 mixed mineral (possible stone drug) 
 

 



Cosmetic (Foundation) in Generic Bottle 

Market Street Chinatown, San Jose 

Sample #85-31/0/14 

Date Excavated  

Appearance of Sample (see Figs. 1 & 2) 

Generic glass bottle; greenish tint; approx. 50 mL; 
polygon (12-faced) cross section; intact, no cracks; 
not embossed; flange above cork chipped; stoppered 
with original cork stopper sealed with wax; small 
amount of tan colored solid material on inside surface.  

History 

The bottle was recovered from the Market Street Chi-
natown site. This community was founded in the 
1860’s and was destroyed by an arson fire in May 
1887. At the time it was the largest Chinese communi-
ty in the country outside San Francisco. Later the site 
underwent urban development.   

Procedures and Results 

The bottle was carefully opened by removing the cork 
stopper. The stopper was preserved in this operation. 
A portion of the material in the bottle was heated in a 
muffle furnace at 800˚C for 8h, resulting in a 53.7% 
weight reduction. The remaining solid was soluble in 
HCl-HF. The original sample was insoluble in ace-
tone, ether, chloroform, and methanol, but a small 
portion of it could be dissolved in ethanol. 

The IR spectrum of the solid (Fig. 3) showed a number 
of peaks: 3384 cm–1 (O–H); two absorptions around 
2900 cm–1 (C–H); 1633 cm–1 (C=C); 1354 cm–1 (C–H 
again). The large peak at 970 cm–1 probably had con-
tributions from both =CH–H and Si–O. The sample 
was sonicated in absolute ethanol, centrifuged, fil-
tered, and then run through the GCMS (Fig. 4). No 
high-percentage hits were obtained, but the results in-
dicated  that long carbon chains with double bonds 
were probably present.  

 

Analyst:	  Alicia	  Fink	  
May	  2,	  2013	  

Fig.	  1	  	  	  Artifact	  85-‐31/0/14	  

Fig.	  2	  	  	  Tan	  colored	  solid	  contents	  of	  	  85-‐31/0/14.	  The	  shiny	  
specs	  are	  flakes	  of	  glass	  patina	  that	  came	  off	  when	  the	  bottle	  
was	  upended.	  



Discussion and Conclusion 

The furnace results indicated that the material in the bottle was 53.7% organic (possibly 
with some water) and 46.3% inorganic. The solubility characteristics and the IR spec-
trum suggested that the latter component was a silicate. The organic material appeared 
to be polymeric.  

The small size and narrow neck of the bottle pointed toward a sparingly used liquid. The 
nature of the remnants suggested that this was a creamy material. The original color 
cannot be established with certainty, but if it is assumed that it was the existing tan col-
or, then there is a strong suggestion that the contents were a cosmetic – a ‘foundation’. 
The silicate part of this material would be talc, which is frequently used in cosmetic 
preparations.1 The organic portion probably contained and oily carrier and an emollient 
such as beeswax. The liquid part of this undoubtedly evaporated (or polymerized) while 
some of the solid remains. This constitues the observed organic component. 

 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  FDA:   http://www.fda.gov/Cosmetics/ProductandIngredientSafety/SelectedCosmeticIngredients/ucm293184	  

Fig.	  3	  	  	  IR	  spectrum	  of	  bottle	  contents	  

Fig.	  4	  	  	  Total	  ion	  chromatogram	  (TIC)	  
of	  bottle	  contents	  in	  ethanol	  



Analysis of San Jose Bottling Co. Beer Bottle 

China Town, San Jose 

Site #85‐31/0‐1105 

Date Excavated  

Appearance of Sample 

Large sized (quart) bottle: brown clear glass, pint sized, intact‐no cracks; embossed with San Jose 
Bottling Co. C Maurer; stoppered with original ceramic and metal stopper, stamped with San Jose 
Bottling Co in red, flip top, rusted clamp component; liquid contents‐4.3 cm deep, viscous liquid with 
waxy white chunks, volume present: approx 165.5 mL. 

History 

San Jose Bottling Co. run by C. Maurer was the primary bottling company during the early 1800’s to the 
early 1900’s. Prior to 1890 it was required that bottling companies be kept separate from the brewery. 
The C. Maurer bottling company was the primary bottler for the Fredericksburg brewing company 
during the late 1800’s. The Fredericksburg Brewing Company was one of the primary brewers of lager 
during this time. 

Procedures and Results 

The bottle was carefully opened by removing the ceramic stopper. The stopper was in good enough 
condition to be retained as originally received. The liquid inside the bottle was initially thought to be 
beer. However, upon decanting it was noted that the liquid was extremely viscous and had an odor of 
old grease. A sample of the liquid was placed in a Bunsen flame and found to burn brightly and 
completely. A sample of the solid waxy material was also burned with the same result. An IR was taken 
of both the liquid and the solid and showed that the substance was made primarily of hydrogen and 
carbon with an acid peak at 1710 cm‐1. This IR was compared to that of bacon grease, coconut oil, and 
canola oil. It was found that all of the IR’s were nearly identical with the exception of the acid peak. An 
iodine number was calculated for the unknown oil using a 5% by wt bromine in acetic acid solution. The 
test was performed three times and the resulting average was used as the iodine number. The 
calculated iodine number was 9 which put it in the realm of a solid vegetable oil such as coconut oil. 

Discussion 

From the above analysis we can conclude that the content of the quart beer bottle was not beer but an 
oil. Most likely it was a vegetable oil, i.e. a highly unsaturated material that comprised multiple C=C 
double bonds. This molecular structure renders the hydrocarbon chains of the oil “skew” so that they 
cannot line up as would be required for a solid fat. It also makes sense logically that this was a liquid oil 
at room temperature, considering that keeping it in a beer bottle with a narrow neck would not be 
practical for a fat that may be liquid when hot (e.g. the drippings from a roast) but would solidify upon 
cooling.  

This reasoning, however, leads to a conundrum: an unsaturated vegetable oil, a liquid, would typically 
have an iodine number much higher than 9. Also, the IR spectrum shown below lacks the telltale alkene 
frequency at around 1660 cm–1. There is, however, a strong carboxylic acid peak at 1710 cm–1. This 
suggests the following explanation:  

Analyst: Tara Garcia 
Feb 22, 2013 
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The oil was originally an unsaturated triglyceride, but prolonged exposure to air and moisture led to 
gradual oxidation and hydrolysis, which attacked both the carbon‐carbon double bonds (i.e. the 
unsaturation), and the triglyceride ester bonds. In many instances this caused chain scission (especially 
at the double bond locations) producing much shorter chain segments. Oxidation of the esters produced 
the observed carboxylic acids.  As a result of the shorter chain lengths, the oil, although by now much 
less unsaturated with an iodine number of only 9, remained a liquid. Not all hydrocarbon chains were 
cut short; a few stayed whole when their double bonds hydrolyzed and associated and formed a solid 
fat, of which a small quantity was found in the beer bottle. 

Conclusion 

The process described above strongly suggests that the oil in the beer bottle was a vegetable oil, but it 
was impossible to identify the vegetable matter from which it was obtained. 
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Photographs of beer bottle 
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Infrared Spectra (IR) 

Fig. 1 IR of liquid oil in bottle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 IR of solid fat in bottle 
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Fig. 3  IR of coconut oil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 IR of canola oil 

 

 

 

 

 

 

 

 

 

 

 



  6

 

 IR of bacon fat 

 

Fig. 5 



Cinnabar	  Stone	  Drug	  –	  Zhu	  Sha	  (辰砂)	  

Market	  Street	  Chinatown,	  San	  Jose,	  CA	   Analyst:	  Tara	  Garcia	  

Site	  #85-31/18B-1	  

Date	  Excavated	  

Appearance	  of	  Sample	  

Small	  glass	  bottle	  of	  greenish	  tint;	  5	  cm	  tall,	  with	  a	  narrow	  neck	  of	  7	  mm	  diame-‐
ter;	  plugged	  with	  tissue	  paper	  (no	  original	  stopper);	  outside	  of	  bottle	  had	  the	  
beginnings	  of	  a	  patina;	  no	  embossing;	  typical	  Chinese	  single-‐dose	  medicine	  vial.	  
It	  was	  2/3	  full	  of	  a	  red	  powder,	  some	  in	  clumps,	  some	  loose.	  	  

History	  

This	  sample	  was	  excavated	  from	  the	  site	  of	  the	  Market	  Street	  Chinatown	  in	  San	  
Jose,	  CA,	  that	  was	  destroyed	  by	  arson	  in	  1887.	  Because	  of	  this	  incident	  it	  can	  be	  
assumed	  that	  the	  sample	  was	  not	  discarded	  as	  garbage,	  but	  was	  ready	  for	  use	  in	  
a	  home	  or	  place	  of	  business.	  It	  was,	  and	  still	  is,	  common	  practice	  in	  Chinese	  tra-‐
ditional	  medicine	  to	  use	  minerals	  as	  drugs	  –	  the	  so-‐called	  ‘stone	  drugs’.1	  Many	  of	  the	  minerals	  
in	  question	  contain	  toxic	  elements	  such	  as	  arsenic	  or	  mercury,	  but	  these	  may	  be	  present	  in	  
small	  quantities	  only,	  or	  they	  may	  be	  in	  a	  form	  that	  is	  sparingly	  soluble.	  Thus	  it	  is	  possible	  for	  
these	  toxins	  to	  cure	  ailments	  such	  as	  intestinal	  distress	  caused	  by	  infections	  or	  parasites,	  with-‐
out	  unduly	  harming	  the	  patient.	  

Procedures	  and	  Results	  

The	  sample	  was	  tested	  for	  solubility	  in	  water,	  HCl	  and	  HF.	  It	  was	  found	  to	  be	  slightly	  soluble	  in	  a	  
combination	  of	  the	  three	  solvents.	  The	  partial	  dissolution	  of	  the	  sample	  in	  HF	  is	  indicates	  the	  
presence	  of	  silicate.	  The	  sample	  could	  be	  completely	  dissolved	  in	  aqua	  regia,	  a	  4:1	  mixture	  of	  
HCl	  and	  HNO3.	  The	  infrared	  spectrum	  of	  the	  sample	  showed	  no	  presence	  of	  organic	  carbon.	  A	  
portion	  of	  the	  sample	  was	  heated	  in	  the	  muffle	  furnace	  for	  7	  hours	  at	  800°	  C;	  after	  cooling	  only	  
8.4%	  of	  the	  sample	  remained.	  When	  a	  few	  grains	  of	  the	  material	  were	  placed	  in	  a	  flame,	  they	  
did	  not	  burn,	  but	  essentially	  evaporated	  away.	  When	  the	  sample	  was	  heated	  more	  gently	  (to	  
about	  400o	  C)	  it	  turned	  dark,	  almost	  black.	  Upon	  cooling,	  it	  turned	  red	  again.	  The	  sample	  was	  
spot	  tested	  for	  arsenic	  and	  was	  tested	  for	  Fe,	  Ca,	  Pb,	  Mn,	  and	  Mg	  by	  atomic	  absorption	  spec-‐
trometry.	  The	  sample	  did	  not	  appear	  to	  contain	  arsenic,	  but	  contained	  Fe,	  Ca,	  and	  trace	  quanti-‐

1	  Weidong Yu, Harold D. Foster, and Tianyu Zhang, Discovering Chinese Mineral Drugs, J. Orthomolecular Medicine Vol. 10, 



ties	  of	  Mg.	  A	  spot	  test	  for	  mercury	  was	  performed	  by	  placing	  a	  drop	  of	  a	  solution	  of	  0.0003	  g	  of	  
dithiozine	  in	  10mL	  chloroform	  on	  top	  of	  a	  drop	  of	  dissolved	  sample	  on	  a	  watch	  glass.	  This	  pro-‐
duced	  a	  purple	  color,	  indicating	  the	  presence	  of	  Hg.	  

Conclusions	  

The	  evidence	  left	  no	  doubt	  that	  the	  red	  material	  in	  the	  vial	  
was	  mostly	  cinnabar	  (the	  mineral	  form	  of	  mercuric	  sulfide,	  
HgS).	  Upon	  heating	  above	  500o	  C,	  cinnabar	  decomposes	  
into	  mercury	  and	  sulfur	  (as	  SO2).	  This	  accounts	  for	  the	  
91.6%	  weight	  loss	  in	  the	  muffle	  furnace	  and	  the	  virtual	  
disappearance	  of	  the	  sample	  in	  a	  flame	  (both	  products	  es-‐
cape	  as	  gases).	  HgS	  is	  not	  soluble	  in	  water,	  HCl,	  or	  HNO3,	  
but	  it	  does	  dissolve	  in	  aqua	  regia.	  This	  is	  exactly	  the	  behav-‐
ior	  observed	  with	  the	  unknown.	  The	  red-‐to-‐black	  color	  
change	  upon	  heating	  (and	  back	  upon	  cooling)	  typically	  oc-‐
curs	  with	  mercury	  compounds,	  including	  HgS	  and	  HgO.	  The	  latter,	  however,	  is	  soluble	  in	  dilute	  
HCl,	  and	  our	  red	  material	  was	  not.	  The	  mercury	  spot	  test	  confirmed	  the	  presence	  of	  this	  ele-‐
ment.	  

So	  it	  is	  clear	  that	  the	  red	  material	  in	  the	  medicine	  vial	  was	  91.6%	  (w/w)	  cinnabar	  –	  or	  zhu	  sha,	  
one	  of	  the	  many	  ‘stone	  drugs’	  that	  are	  part	  of	  Chinese	  folk	  medicine.	  The	  remainder	  consisted	  
of	  mineral	  impurities,	  including	  silicates	  of	  iron,	  calcium,	  and	  a	  little	  magnesium.	  Mercuric	  sul-‐
fide	  (as	  cinnabar)	  is	  listed	  as	  an	  antibacterial	  agent,	  and	  is	  sold	  to	  this	  day	  as	  a	  medicine	  to	  
“clear	  away	  heat	  and	  tranquilize	  the	  mind”.2	  It	  is	  mined	  in	  the	  Hunan,	  Sichuan,	  Yunnan	  and	  Gui-‐
zhou	  provinces	  in	  China,	  rinsed	  clean	  with	  water,	  ground	  into	  a	  powder,	  dried	  in	  the	  sun,	  and	  
bottled	  for	  use.	  It	  is	  taken	  internally	  with	  water	  in	  dosages	  up	  to	  1	  g.	  Its	  low	  solubility	  (even	  in	  
stomach	  acid)	  would	  prevent	  it	  from	  being	  a	  deadly	  poison	  to	  the	  patient,	  while	  the	  small	  quan-‐
tity	  that	  does	  dissolve	  may	  be	  effective	  against	  infections.	  It	  can	  also	  be	  applied	  topically.	  

2	  Acupuncture Today, http://www.acupuncturetoday.com/herbcentral/cinnabar.php 

illustration from: http://www.dakotamatrix.com/mineral-
galleries/archived?name=Cinnabar 



Analysis of Residual Content of Chinese Medicine Vial 
 
Market Street Chinatown, San Jose Sample 
 #85-31/20-220 
 August 26, 2013      Analyst: Alicia Fink 
 
Appearance of Sample: 

A typical Chinese medicine vial, approx. 2 mL, with thin layer of grey-
brown solid adhering to the inside walls of the container; no stopper; clear glass, 
slight green tint.  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Procedure: 

The powder was scraped off the inside walls of the container with a steel 
wire and weighed. Total mass of the sample was 20.84 mg, and 7.11 mg was 
heated in muffle furnace for 8 hours at 800 oC. The color of this sample changed 
to red-orange, and it lost 2.18 mg in weight (final 4.93 mg).  
The sample partially dissolved in concentrated HCl, producing a slightly yellow 
solution. It dissolved entirely in 1:1 HCl:HF.  
IR spectra of the material were collected (Figs. 1, 2). Qualitative flame AA analy-
sis of calcium and iron was performed. 
 
Observation and Results: 
 The sample not burning out at 800o C indicated its inorganic nature. The 
orange-red color of the sample after burning suggested the presence of iron. 
Positive qualitative flame AA test for iron and calcium confirmed the presence of 
these elements.  
 The strong peak at 1005.49 cm-1 suggested the presence of silicate, and 
the OH peak at 3288.72 cm-1 the presence of water. The peak at 1410.90 cm-1, 
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which disappeared after the sample was placed in the muffle furnace, indicated 
the presence of carbonate. The slight peak at approximately 2800 cm-1 suggest-
ed the presence of a trace of organic material. 
 The IR spectra were used quantitatively to determine the water content of 
the sample at 4.1% and the carbonate content at 60.5%. 
 
Discussion and Conclusion: 
 The sample contained carbonates (primarily of calcium and iron), as well 
as a smaller amount of silicate. It appears to be a Chinese “stone drug”, possibly 
ophicalcite. This mineral finds wide use in traditional Chinese medicine to control 
internal and external bleeding.1 The identification of the material, however, 
should not be regarded as definitive. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 

																																																								
1	Weidong Yu, Harold D. Foster, Tianyu Zhang. Discovering Chinese Mineral Drugs. The Journal of Orthomolecular Medicine 
Vol. 10, No.1, 1995 

	

Fig. 1. IR spectrum of sample before (A) and after 
(B) being placed in muffle furnace. 



Analysis of Patina on Florida Water Bottle 
 
 
Market Street Chinatown, San Jose 
Sample #85-31/24-1 
May 7, 2013        Analyst: Tara Garcia 
 
Appearance of Sample: 
Tall narrow necked bottle (approx 250 mL), empty of original contents, no stopper; 
green tinted glass of slightly cloudy appearance; bottle was spotted with iridescent rain-
bow sheen that could be removed with a razor blade; bottle contents had been analyzed 
previously and found to be only soil. 
 
Procedure 
The patina was removed from the outside of the bottle using a razor blade. A small 
sample was heated in the muffle furnace at 800 °C for 8 hours, resulting in <10% weight 
reduction. Flakes of the patina were tested for solubility in H2O, HCl, and HF. The sam-
ple was slightly soluble in H2O and HCl but did not dissolve completely. There was no 
additional dissolution when the sample was exposed to HF. The sample was treated 
with aqua regia and was sonicated to achieve complete dissolution. A spot test was per-
formed using KSCN to identify the presence of Fe but the results were inconclusive. A 
sample solution was prepared from 1.89 mg of patina flakes dissolved in 3ml HCl and 
1ml HNO3; the sample was diluted to 20 mL with deionized water. This solution was an-
alyzed by ICP-AE and a complete metal content was obtained. An infrared spectrum 
was taken of the solid patina flakes. 
 
Observations and Results 
The bottle showed strong mineral iridescence (a ‘rainbow’ of colors) – mostly on its ex-
terior surface, but also a little inside the mouth. This patina was not evenly spread, but 
concentrated in isolated patches (Fig. 1). In some instances these patches firmly ad-
hered to the glass, while in other cases they flaked off when touched. 
It has been shown that mineral patinas on exposed glass can be identified by infrared 
spectroscopy.1 The IR spectrum obtained from the present sample (Fig. 2) showed a 
number of notable features. There was a prominent peak at 1045 cm–1, which was as-
cribed to sulfate (SO4

2– symmetric stretch); the shallow peak centered on 3351 cm–1 
was due to water, indicating the presence of some hydrated species. There was no evi-
dence of carbonates, since the typical CO3 asymmetric stretch at 1430 cm–1 was miss-
ing. Hydrated oxalates, as in the minerals whewellite and weddellite, may have been 
represented by the small peaks around 1600 cm–1 and the 793 cm–1 band,2 but this was 
considered uncertain. 
 
 
                                            
1 M. Aulinas, M. Garcia-Valles, D. Gimeno, J. Fernandez-Turiel, F. Ruggier, and M. Pugès, Weathering patinas on the medieval 
(S. XIV) stained glass windows of the Pedralbes, Monastery (Barcelona Spain), Environ Sci Pollut Res, 16, 443–452 (2009). 
2 M. Trpkovska, B. Soptrajanov, and L. Pejov, Reinvestigation of the infrared spectra of calcium oxalate monohydrate and its 
partially deuterated analogues, Bull. Chem. Technol. Macedonia, 21, 111-116 (2002). 
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Fig. 1 Artifact #85-31/24-1, “Florida Water” bottle, showing iridescent patina. 

Fig. 2 Infrared spectrum of patina scrapings from Florida Water bottle 
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ICP-AE analysis of the material of the iridescent patina patches gave the following re-
sults: 
 

Table	  1.	  Full	  ICP-‐AE	  metal	  screen	  of	  patina	  material	  in	  10	  mL	  of	  X	  mg/L	  solution	  

Parameter	   Result	   Units	  
Reporting	  	  
Limit	   Method	  

Cadmium	   <	  0.0050	   mg/L	   0.005	   ICP	  -‐	  Dissolved	  

Calcium	   2.9	   mg/L	   0.05	   ICP	  -‐	  Dissolved	  

Chromium	   0.11	   mg/L	   0.02	   ICP	  -‐	  Dissolved	  

Cobalt	   <	  0.050	   mg/L	   0.05	   ICP	  -‐	  Dissolved	  

Copper	   0.056	   mg/L	   0.02	   ICP	  -‐	  Dissolved	  

Iron	   1.1	   mg/L	   0.02	   ICP	  -‐	  Dissolved	  

Magnesium	   0.51	   mg/L	   0.02	   ICP	  -‐	  Dissolved	  

Manganese	   0.014	   mg/L	   0.005	   ICP	  -‐	  Dissolved	  

Molybdenum	   <	  0.10	   mg/L	   0.1	   ICP	  -‐	  Dissolved	  

Nickel	   0.052	   mg/L	   0.05	   ICP	  -‐	  Dissolved	  

Potassium	   1.9	   mg/L	   0.5	   ICP	  -‐	  Dissolved	  

Vanadium	   <	  0.020	   mg/L	   0.02	   ICP	  -‐	  Dissolved	  

Zinc	   0.34	   mg/L	   0.01	   ICP	  -‐	  Dissolved	  

Barium	   0.089	   mg/L	   0.01	   ICP	  -‐	  Dissolved	  

Sodium	   <	  10	   mg/L	   10	   ICP	  -‐	  Dissolved	  
 
Table 1 shows that calcium, iron, and potassium were the main metal species in the 
patina, with chromium, magnesium, and zinc present in fair quantities. The high report-
ing limit on sodium prevented meaningful assessment. 
 
Discussion and Conclusion 
The 1045 cm–1 IR absorption, which is interpreted as a sulfate (S–O) absorption, could, 
from its spectral location, also be due to Si-O. This, however, is contradicted by the ob-
servation that the material dissolved in aqua regia, but not in HF. The sulfate assign-
ment is therefore almost certainly correct. 
The presence of hydrated calcium oxalate (as whewellite or weddellite) is not certain, 
since the IR peaks in question could not be identified unequivocally. If it is in fact there, 
it would be in very small quantities. 
 
These considerations lead to the conclusion that the patina on this bottle is chiefly com-
posed of sulfates, of which calcium sulfate (CaSO4) is a major component – based on 
the relatively high Ca content. X-ray diffraction analysis was not carried out on this 
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sample, so the exact nature of the neoformed mineral phases of the patina could not be 
pinpointed. Previous work, however, suggests that gypsum (CaSO4�2H2O) is a likely 
mineral form. The significant presence of potassium indicates that syngenite 
(K2Ca(SO4)2�H2O) is also a probable component. The hydrated forms of these minerals 
are consistent with the water content shown in the IR spectrum.  
 
The other metals listed above – Fe, Cr, Mg, Zn – were also contained in the patina. This 
is not unusual, since different mineral phases can include many different elements. The 
possible presence of sodium is suggested by the orange-ochre sheen which is often 
found in patinas containing thenardite (Na2SO4). 
 
The origins of the materials comprising the patina can be many and varied. Sulfates can 
be formed from SO2 in the atmosphere, as well as sulfur containing compounds in the 
soil in which the artifact was buried. High soil humidity (>65%) promotes sulfate for-
mation. The metal ions may also be contributed by the soil, although they could be 
drawn from the glass itself. This is especially true for high-Na glasses, which tend to be 
hygroscopic and, in taking up water, mobilize their constituents. Thus Na, Ca, Fe, and 
even some of the other metals may have leached out of the glass interior and reprecipi-
tated as a patina on the surface. 
 
Lastly, it is noted (ref. 1) that some patina colors may be due to organic chromophores 
(e.g. carotenes) that were formed through microbial action. No evidence for this was 
found in the present analysis, but it should be kept in mind that the quantities involved 
may be so small as to escape IR detection. 
 
 



Analysis	  of	  Florida	  Water	  Bottle	  

China	  Town,	  San	  Jose	  

Site	  #85-‐31/24-‐1	  

Date	  Excavated	  	  

Appearance	  of	  Sample	  

Small	  elongated	  bottle	  (approx.	  250	  mL):	  green-‐tinted	  glass,	  intact	  –	  no	  cracks,	  no	  stopper;	  embossed	  
with	  Florida	  Water,	  Murray	  and	  Lanman,	  No.	  69	  Water	  St,	  New	  York;	  light	  and	  dark	  material	  crusted	  on	  
the	  inside	  of	  the	  bottle,	  with	  some	  shiny	  material	  both	  on	  the	  inside	  and	  outside	  of	  the	  glass	  (Fig.	  1).	  

History	  

Florida	  Water	  was	  an	  American	  version	  of	  Eau	  de	  Cologne.	  It	  was	  a	  unisex	  cologne	  water	  that	  
emphasized	  a	  sweet	  orange	  fragrance	  with	  other	  scents	  such	  as	  lavender	  and	  clove.	  The	  name	  Florida	  
Water	  referred	  to	  the	  Fountain	  of	  Youth	  which	  was	  reputed	  to	  be	  located	  in	  Florida.	  The	  perfume	  was	  
introduced	  in	  New	  York	  by	  Robert	  I.	  Murray	  in	  1808.	  In	  1835	  the	  firm	  became	  Murray	  &	  Lanman	  (see	  
Fig.	  2)	  which	  lasted	  until	  1849.	  By	  1861	  it	  had	  become	  Lanman	  and	  Kemp.	  The	  business	  still	  operates	  
under	  the	  name	  Lanman	  &	  Kemp-‐Barclay.	  

Procedures	  and	  Results	  

The	  material	  on	  the	  inside	  of	  the	  bottle	  was	  scraped	  out	  with	  a	  metal	  rod.	  Samples	  of	  the	  lighter	  colored	  
material,	  the	  darker	  colored	  material,	  and	  the	  shiny	  colored	  material	  were	  taken	  separately.	  Infrared	  
spectra	  were	  obtained	  of	  all	  three	  samples	  and	  showed	  that	  the	  darker	  and	  lighter	  colored	  materials	  
were	  the	  same	  substance.	  All	  three	  materials	  were	  shown	  to	  contain	  silicates,	  with	  silicate	  peaks	  at	  1001	  
and	  1054	  cm-‐1.	  The	  shiny	  colored	  material	  showed	  no	  evidence	  of	  water,	  but	  the	  other	  two	  materials	  did	  
(Fig.	  2,	  see	  peak	  at	  3327	  cm–1).	  The	  samples	  were	  placed	  into	  the	  muffle	  furnace	  and	  kept	  at	  800o	  C	  for	  8	  
h.	  The	  weight	  loss	  was	  recorded	  and	  used	  to	  determine	  that	  samples	  were	  composed	  of	  62%	  organic	  
and	  38%	  inorganic	  matter.	  Atomic	  absorption	  measurements	  revealed	  that	  they	  contained	  14%	  calcium.	  

Discussion	  and	  Conclusions	  

From	  the	  above	  analysis	  it	  was	  concluded	  that	  the	  contents	  of	  the	  bottle	  were	  humified1	  organic	  
material	  and	  calcium	  silicates.	  These	  are	  essentially	  the	  components	  of	  dirt.	  There	  was	  no	  indication	  of	  
perfume	  in	  the	  bottle.	  It	  had	  patches	  of	  shiny	  material	  on	  both	  the	  inside	  and	  outside	  of	  the	  glass,	  
displaying	  a	  “rainbow”	  or	  “oil	  slick”	  pattern	  of	  colors.	  This	  type	  of	  patina	  is	  frequently	  encountered	  on	  
cheap	  (high	  sodium)	  glass	  that	  has	  been	  exposed	  to	  environmental	  moisture	  for	  long	  periods	  of	  time.	  
The	  bottle	  was,	  presumably	  at	  a	  later	  time	  during	  rain	  events,	  invaded	  by	  mud	  and	  dirt	  that	  constituted	  
the	  observed	  residues.	  

	  
	  
	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 humification refers to natural decay of plant and animal matter resulting in a dark metastable material  

Analyst:	  Alicia	  Fink	  
March	  27,	  2013	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	  1	  Florida	  Water	  Bottle	  
Fig.	  2	  1881	  trade	  card	  



	  
Fig.	  2.	  Infrared	  spectrum	  of	  the	  material	  inside	  the	  bottle.	  There	  was	  a	  light	  colored	  material	  and	  a	  
darker	  colored	  material,	  which	  had	  identical	  spectra.	  	  

	  
	  

	  

Fig.	  3	  Infrared	  spectrum	  of	  shiny	  looking	  material	  inside	  the	  bottle.	  	  



J.	  W.	  Hunnewell	  &	  Co	  food	  bottle	  
Market Street Chinatown, San Jose  
#85-31/24/27   
June 18, 2013      Analyst: Anton Shapovalov 
 
 
Appearance of Sample 
 
Glass bottle, green, about 150 mL, narrow neck, regular shape, corked, partially 
broken on one side. Two narrower sides of the bottle contained writing: “BOS-
TON” on one and “…NEWELL & Co” on the other. The first part of the writing 
was missing due to the broken part of the bottle. Bottle mostly empty, patinated, 
with a little yellow-brown material adhering to the inside surface (Fig. 1). This ma-
terial was visually identified as dirt, which presumably entered through the break-
age. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 Artifact 85-31/24/27 
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Results and Discussion 
 
A small amount of solid was scraped off the inside surface of the bottle. The IR 
spectrum of the material (not shown) comprised only a silicate peak at 1050 cm-1; 
it was surmised that the solid was indeed dirt. 
 
A 0.14912 g sample of glass was broken off the edge of the hole in the bottle and 
placed in a ball mill (Wigl-Bug) with 0.15530 g ZnO and 0.60130 g Li2CO3 and 
reduced to a fine, thoroughly mixed powder. This mixture was then fused in a Pt 
crucible by means of an oxygen-natural gas flame. The resulting mass was dis-
solved in HCl and tested for sodium by AA. The glass was found to have a Na 
content of 18.3% by weight. This is very high and characteristic of low quality 
glass common for late 19th century. Such glass is known to be hydroscopic and is 
liable to decompose when in prolonged contact with water. Patinas readily form 
on its surface. 
 
A literature search revealed that this kind of bottle was quite common in the 19th 
century and was used to package mustard and spices.1,2 Other sources suggest 
that these bottles were also used for a cough syrup called Universal Cough 
Remedy.3 It seems likely, however, that this arose from confusion with a smaller 
bottle of similar shape that was used for cough syrup by the same company.4 
 
The name Hunnewell was first mentioned in the literature in 1834, when Eleazer 
F. Pratt, George B. Rogers and John L. Hunnewell formed a partnership in Bos-
ton, MA. Over the years the business underwent a series of renames and chang-
es of management until it was finalized as J.W. Hunnewell & Co in 1846, named 
after Joseph W. Hunnewell.4 Over the years the company produced various paint 
and oil products, and patent medicines, as well as packing cans. For advertise-
ments of some of those products see Fig. 2. 
 
A reference to Hunnewell as a food product purveyor was found in California Ar-
chaeological Reports No. 23,5 which states in a description of the Diaz Collec-
tion: 
 

Also present are an 8-oz gothic peppersauce bottle (Fig. 18c), and two 6-oz rectangular, fac-
eted condiment bottles, all of aqua glass (Fig. 18b). One of the latter is vertically embossed 
"J.W. ..." on one side, undoubtedly for J. W. Hunnewell & Co., a Boston wholesale firm whose 
bottles have been found at Old Sacramento and at the Sand Springs Pony Express Station, 
Nevada (Hardesty 1977; Schulz 1981b). The company was organized in 1853 and operated 
until 1921, producing yeast powder, various oils, and patent medicines (Hales 1979). All three 
of these containers are from two-piece molds; except possibly for the Hunnewell bottle, they 
are pontil-scarred. 
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Conclusion 
Some uncertainty exists about the original use of bottle 85-31/24/27: cough syrup 
or mustard/spice? Opinions among antique bottle cognoscenti seem to give the 
latter a slight edge.  
 
References 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  B. Zumwalt, Ketchup, Pickles, Sauces, 19th Century Food in Glass, Mark West Publishers (1980). 
2	  http://www.sha.org/bottle/food.htm 
3	  http://www.palomar.edu/archaeology/HistoricArchaeologyPhotos/AguirreAdobe.htm 
4	  http://www.archive.org/stream/historicalsketch00gouliala/historicalsketch00gouliala_djvu.txt 
5	  State of California, Department of Parks and Recreation, California Archaeological Report No 23, Sept. 1983, p.51 
(via http://www.museumcollections.parks.ca.gov/media/documents/TheDiazCollection_CaliforniaArcheologicalReportsNo23.pdf) 

Fig. 2 Advertisements for Hunnewell products: (A, B) Front and back of 
puzzle card for Universal Cough Remedy ; (C) from 1870 Boston Directory 
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Calamine	  Lotion	  3	  
Market Street Chinatown, San Jose  
#85-31/27/11   
June 7, 2013      Analyst: Anton Shapovalov 
 
 
Appearance of Sample 
Medium	  size	  glass	  bottle,	  about	  100	  mL;	  green	  tint;	  polygon (12-faced) cross sec-
tion; some white to yellow-brown solid adhering to inside walls; no cap (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
 
The sample was scraped off the inside walls of the container with a steel spatula 
and weighed. The total mass recovered was 13.86 mg. 
	  
The sample was found to be insoluble in water and partially soluble in concen-
trated HCl, producing light yellow solution. An odorless gas was released on dis-
solution. When HF was added to the solution the remaining solid dissolved and a 
gelatinous white precipitate appeared after ~10 min. Spot test for carbonate was 
positive. 
 
Solubility behavior was identical to that of previously analyzed sample #86-36/5-
692, which was identified as calamine lotion.  
 
Quantitative flame AA tests for iron, calcium and magnesium showed there to be 
2.8%, 11.7% and 6.1% by weight of each metal respectively.  
A qualitative flame AA test for Zn showed it to be present in the sample. 

Fig. 1: Sample #85-31/27/11  
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Part of the sample was placed in a drying oven at 85oC overnight. The drying re-
sulted in 10.7 % weight loss. 
 
Part of the sample was placed in muffle furnace at 800oC overnight. The burning 
resulted in 28.2 % weight loss. 
 
IR spectra of original material, burnt material, and dried material were taken 
(Figs. 2,3,4, respectively).    
 
The IR spectrum of the original material showed the O-H stretch of water at 3400 
cm–1; a peak at 1405 cm–1, ascribed to carbonate; and a peak at 1005 cm–1, as-
cribed to silicate. Upon drying the water peak was much reduced and the car-
bonate peak somewhat. The 10% weight loss was consistent with these observa-
tions. Treatment at 800o C further reduced the O–H peak, although not complete-
ly, indicating some strongly held water of crystallization. The carbonate peak was 
significantly reduced due to conversion to CO2 – which also gave rise to the addi-
tional weight loss. Changes to the silicate peak were also observed, in accord-
ance with literature reports.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Feng Guo, Zhen-Gang Peng, Jian-Ying Dai, and Zhi-Long Xiu, Calcined sodium silicate as solid base catalyst for biodiesel produc-
tion, Fuel Processing Technology, 91(3), 322–328 (2010).   

Fig. 2 IR spectrum of the sample #85-31/27/11 (original material) 
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Fig. 3 IR spectrum of the sample #85-31/27/11 after drying @ 85o C 

Fig. 4 IR spectrum of the sample #85-31/27/11 after burning @ 800o C  
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Conclusion 
 
While the bottle of 85-31/27/11, at 100 mL, was relatively large, it had a narrow 
neck, suggesting that the original contents were liquid. The chemical analysis in-
dicated that these contents were similar, or identical, to those found in 86-36/5-
692 and 86-36/5-693  i.e. a variant of calamine lotion. There are some apparent 
differences in composition, but those could be ascribed to sampling constraints 
and/or batch variations. It should be noted that “calamine lotion” is a somewhat 
flexible concept, designating suspensions of carbonates and oxides of various 
metals, usually including zinc. It was (and is) used for the treatment skin afflic-
tions. The particular purpose of 85-31/27/11 cannot be divined, but one could 
speculate that the larger bottle was used to refill smaller containers such as 86-
36/5-692 and 86-36/5-693.	  
	  



Chinese Medicine Vial with Magnetite (Ci Shi) 
 
Market Street Chinatown, San Jose  
 #85-31/34-15 
 May 20, 2013      Analyst: Anton Shapovalov 
 
Appearance of Sample 
Small irregular vial (Fig. 1), volume approx. 2 mL, with small amount of gray-
brown solid adhering to inside wall; no stopper; clear glass.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Results and Discussion 
 

1. Powder sample was scraped off the inside walls of the container with steel 
wire and weighed. Total mass of the sample recovered was 2.19 mg. 

2. The sample was heated in muffle furnace for 6 hours at 800 oC. The 
appearance of the sample changed to red-orange color and the weight 
increased slightly. 

3. Solubility of sample was tested with conc. HCl: it dissolved, producing a 
pale yellow solution.  

4. Qualitative flame AA analysis was performed using FeSO4*7H2O as iron 
standard. 

5. UV-vis spectra of the analyte in 1:1 H2O:HCl, and of the same solution 
after addition of sulfuric acid (Fig. 2) were obtained. IR spectrum of solid 
spectrum was measured (Fig. 3). 

Fig. 1 Artifact 85-31/34-15 
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6. Sample was tested with magnet and found to be magnetic. 
 
The sample weight not being reduced by exposure to 800oC indicated that the 
material was inorganic, and probably not a hydrate. The orange-red color after 
burning suggested the presence of iron. The weight gain pointed at further 
oxidation, such as from FeO to Fe2O3. The positive qualitative flame AA test for 
iron supported the presence of this element. 
 
The pale yellow color of the sample dissolved in conc. HCl suggested the 
presence of Fe+3 in the solution. When conc. H2SO4 or HNO3 were added, the 
yellow color became more intense, suggesting the oxidation of Fe+2 to more Fe+3. 
This was illustrated by an increased absorption peak centered at 360 nm (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The IR spectrum (Fig. 3) of the solid sample showed a strong peak at 1011 cm-1 
indicating the presence of silicate. Considering that the sample was soluble in 
HCl, this was probably calcium silicate, which is slightly soluble in the acid. 

Fig. 2 UV-Vis absorption 
spectrum of sample 
dissolved in HCl and HCl + 
H2SO4 
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The sample was not naturally magnetized, but was attracted by a magnet. This 
suggested a mixed valence iron structure (Fe2+/Fe3+), such as found in 
magnetite.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 
 
The experimental evidence strongly suggests that the contents of vial 85-31/34-
15 were a mixture of ferrous and ferric oxide, with some additional silicate 
components. This leads to the conclusion that the sample was chiefly 
ferrosoferric oxide (aka ferrous ferric oxide), which occurs in nature as 
magnetite. This is a traditional Chinese “stone drug”2 (Chi Shi or Ci Shi), which 
was, and continues to be, used as an elixir to: anchor and calm the spirit – 
relieve restlessness, palpitations, insomnia, tremors – improve hearing and vision 
– combat chronic asthma.3 In China it is mined in the Jiangsu, Shandong, 
Liaoning, Guangdong, Anhui and Hebei provinces. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Ze Zhang, S. Satpathi, Electron states, magnetism, and the Verwey transition in magnetite, Phys. Rev. B, 44, 13319-13331 (1991) 
2	  Weidong Yu, Harold D. Foster, Tianyu Zhang. Discovering Chinese Mineral Drugs. J. Orthomolecular Med., 10, No. (1995) 
3	  Commercial: http://www.yinyanghouse.com	  

Fig. 3 IR spectrum 
(ATR) of solid sample 



Calamine	  Lotion	  
Market Street Chinatown, San Jose  
#86-36/5-692   
May 31, 2013      Analyst: Anton Shapovalov 
 
 
Appearance of Sample 
 
Small glass bottle with light green tint, about 15mL, narrow neck (7.4 mm i.d.), 
iridescent patina, no closure. A small amount of yellow/brown solid adhered to 
the inside walls (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
 
The sample was scraped off the inside walls of the bottle with a steel wire and 
weighed. The total mass recovered was 6.54 mg. 
 
The sample was found to be insoluble in water and partially soluble in concen-
trated HCl producing a light yellow solution. Bubbles of odorless gas were re-
leased during dissolution. When HF was added to dissolve the remaining solid, a 
gel-like precipitate was produced after ca. 10 min. These observations led to the 
following preliminary conclusions: 

1. partial solubility of sample indicated multiple components;  
2. yellow color suggested presence of iron;  
3. odorless gas released was postulated to be CO2 produced from reaction 

of carbonate with acid; 
4. formation of gel with fluoride indicated presence of calcium;  
5. material appeared to contain carbonates of calcium and iron. 

 

Fig. 1 Sample #86-36/5-692 
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The sample was heated in a muffle furnace for 18 hours at 800 oC. It remained 
the same color and the weight decreased by 39.5%. This loss was attributed to 
the calcining of carbonates as in: 
 
CaCO3               CaO + CO2  (similar for FeCO3 and other carbonates)     (1) 
 
The IR spectrum showed a strong peak at 1407 cm-1, also indicating carbonate 
(Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A spot test for carbonate was performed:1 the sample was added to 0.2 M nitric 
acid and a piece of paper previously immersed in solution of sodium carbonate 
and alcoholic phenolphthaleine, was suspended above the reaction mixture and 
the reaction chamber sealed. The piece of paper, previously pink, turned color-
less indicating carbon dioxide being released, which in turn indicated presence of 
carbonate in the sample (Fig. 3). 
A quantitative flame AA test for calcium showed there to be 6.0% by weight of 
calcium in the sample. Further qualitative flame AA tests indicated the presence 
of zinc, iron, and magnesium in the sample. 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  F. Feigl, and V. Anger, Spot Tests in Inorganic Analysis, American Elsevier Publishing Company, New York, 1972.  

	  

Fig 2. IR spectrum of material 
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Conclusion 
 
The shape of the vial and its large volume relative to the narrow neck, suggested 
that the material contained in it was originally a liquid or free-flowing suspension.  
The composition of the remaining material indicated that it was a mixture of ophi-
calcite (CaCO3 and MgCO3), ZnCO3, FeCO3, and probably the oxides of the re-
spective metals. Some silicates, as indicated by the sample solubility and the IR 
peak at 1027 cm–1, were also present. 
 
These materials are typically found in calamine lotion, widely used to treat sun-
burn and insect bites at the present time. In traditional Chinese medicine 
“calamina” finds use as a treatment for external and internal bleeding, coagula-
tion stimulation, reduction of blood pressure,2 and even conjunctivitis.3 It is mined 
in Henan Province.  
 
Calcining (or ‘tempering’ – i.e. treatment at high temperatures) is often used to 
convert the metal carbonates to oxides (as in eq. 1), thereby increasing their rela-
tive metal abundance and potency. The liquid carrier in the lotion can be varied, 
but is probably largely aqueous with possibly some essential oils added. In the 
present sample it had of course evaporated. In the “western” version of calamine 
lotion a pink dye is often added, but no such material was found in sample #86-
36/5-692. 
 
 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Weidong Yu, Harold D. Foster, Tianyu Zhang. Discovering Chinese Mineral Drugs. J. Orthomolecular Med., 10, No. (1995) 
3	  Zhen, J, Calamina's Therapeutic Effect on Acute Conjunctivitis, Guangdong Journal of Traditional Chinese 
Medicine (4), 18-19 (1956). 

Fig. 3 Spot test for carbonate: sample on 
the left (pink color fading), control on the 
right. 



Calamine	   Lotion	  	  2	  
	  	  	  
Market Street Chinatown, San Jose  
#86-36/5-693  
June 4, 2013        Analyst: Anton Shapovalov 
 
Appearance of Sample 
Small glass bottle with light green tint, cracked, about 15 mL, iridescent patina, 
no closure. A small amount of yellow/brown solid adhered to the inside walls (Fig. 
1). The general appearance of this artifact was similar to 86-36/5-692. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
The sample was scraped off the inside walls of the bottle with a steel wire and 
weighed. The total mass recovered was 14.76 mg. This sample was very similar 
to 86-36/5-692 (“Calamine Lotion”), both in appearance and in chemical behav-
ior. The present material was: 
• insoluble in water; 
• partially soluble in concentrated HCl producing a light yellow solution; 
• bubbles of odorless gas released during dissolution;  
• HF dissolved remaining solid, and produced gel-like precipitate after ~10 min;  
• Ca, Mg, Fe, and Zn were present. 
 
 

Fig. 1 Sample #86-36/5-693 



There were some quantitative differences between the present sample (‘693’) 
and the previous sample (‘692’): 
• the bottle of 693 was somewhat shorter and wider; 
• 693 contained much less zinc: 0.3% vs. 1.2% in 692; 
• 693 contained more magnesium: 2.6% vs. 1.7% in 692. 
 
 
Conclusion 
There is little doubt that 693 was essentially the same material as 692, i.e. a 
remnant of calamine lotion. The following points can be made: 
• the two flasks were made of similar glass; their volumes were approximately 

the same, but the design was different: 693 was short and squat and 692 tall-
er and narrower; the short (693) bottle was rather irregular, speaking of piece 
work, rather than mass production; the 692 bottle turned out ‘better’ (albeit not 
perfect). 

• there are a number of possibilities for the variation in chemical composition 
(primarily element ratios) of the contents: 

(i) the materials were a priori different (this seems unlikely); 
(ii) compounding by a (local?) pharmacist introduced differences; 
(iii) inhomogeneities inherent in the raw materials were highlighted in the 

analyses, because the small amounts of sample remaining in the bot-
tles made statistical sampling impossible (this is most likely).	  	  



Red Lead Oxide (Qian Dan,           )  
  –– A “Stone Drug” –– 

 
 
Market Street Chinatown, San Jose     Analyst: Anton Shapovalov 
Sample #: 86–36/5–694       May 14, 2013 
           
Appearance of Artifact 
The artifact was a typical Chinese medicine vial (approx. 3 mL) without a stopper. The glass had a 
green tint and the outside surface was highly patinated (Fig. 1). Very little 
sample was left in the vial – only 0.97 mg of a fine orange-red powder 
was recovered. 
 
Results and Discussion 
The appearance of the material in the vial predisposed the analysts to an 
identification as hematite (mineral ferric oxide, Fe2O3). This notion was 
enhanced by the knowledge that hematite is widely used in traditional 
Chinese medicine.1 Atomic absorption measurements, however, showed 
that the red material contained only a trace (ca. 0.5%) of iron, obviating 
the assumption. The material dissolved, with sonication, in 1:1 HCl, indi-
cating that it was not a silicate. Too little material was available for high 
temperature furnace treatment, but when exposed to a flame, a grain of 
it underwent some morphological changes but stayed largely intact. This 
observation indicated that it was not an organic compound or a mercury 
mineral. 
A HCl solution of the sample produced a UV-Vis spectrum with a sharp 
peak at 270 nm (Fig. 2), indicating the presence of lead (Pb2+).2 Subse-
quent atomic absorption measurements were positive for this element, 
leaving no doubt that the material was a lead compound.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            
1 Weidong Yu, Harold D. Foster, and Tianyu Zhang, Discovering Chinese Mineral Drugs, J. Orthomol. Med., 10, 31-58 (1995). 
2 L. Goodkin, M. Seymour, and J. Fritz, Ultraviolet spectra of metal ions in 6M hydrochloric acid, Talanta, 22, 245-251 (1975). 

Fig.1 Medicine vial 86-36/5-694 

Fig. 2 UV-Vis spectrum of unknown sample in 
HCl 



The red color of the sample strongly suggested that that it was lead tetroxide (‘red lead’, Pb3O4), 
although it is not inconceivable that it was the red alpha-form of lead dioxide (PbO). Too little 
sample was available to make this distinction.   
 
The infrared spectrum of the solid sample (Fig. 3), taken by FTIR-ATR on a diamond crystal, 
showed a major peak at 1394 cm–1. This is the typical band for nitrate and is a strong absorption 
that even shows for minor constituents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 
There is little doubt that the material in medicine vial 86-36/5-694 was red lead oxide, most likely 
Pb3O4, but possibly α-PbO. Lead tetroxide (Pb3O4) exists as the mineral minium (Fig. 4), which is a 
traditional Chinese medicine1 mined in the Henan, Guangdong and Fujian provinces. It is 
widely available to this day3 and is used for the treatment of ringworm and ulcerations – although 
the practice is limited because of its toxicity. The present sample, however, contained nitrate, 
which is rare in natural minerals but is used in the synthesis of lead oxide. The presence of a ni-
trate remnant therefore suggests that the material may actually have been manufactured, rather 
than obtained from a mineral.  
 
 
 
 
 

                                            
3 http://www.tcmwiki.com/wiki/qian-dan 

Fig. 3 IR spectrum of sample 

Fig.4 Representative sample of minium 



Hale’s	  Honey	  of	  Horehound	  and	  Tar	  
Market Street Chinatown, San Jose  
#86-36/5-961   
June 12, 2013      Analyst: Anton Shapovalov 
 
 
Appearance of Artifact 
 
Green glass bottle, about 150 mL, long narrow neck, regular shape. The two nar-
rower sides of the bottle showed the embossing: “NEW YORK” on one and “C N 
CRITTENTON” on the other. One of the broad sides of the bottle was smooth 
(probably the label side), and the other was slightly recessed and carried the 
embossing “HALE’S HONEY OF HOREHOUND AND TAR”. The bottle showed a 
spotty ‘rainbow’ patina. It contained a small amount of gray-brown solid, visually 
identified as dirt. It had no cap (Fig. 1). 
 
Results and Discussion 
 
The solid was scraped off the inside walls 
with a steel wire. Its IR spectrum (not 
shown) had one strong peak at 1046 cm-1, 
indicating silicate. This is consistent with 
the material being soil. 
 
Bottle 
A literature search was conducted, using 
the embossing on the bottle as a starting 
point. It was found that Charles Nelson 
Crittenton was a well-known pharmacist 
and philanthropist in late 19th early 20th 
century. His drug business was based in 
New York. 
 
This bottle is presently widely available 
from online vendors of antique bottles. 
Judging by the variety of product labels 
and advertisements (Fig. 2), the medicine 
was quite common. It was claimed to re-
lieve irritations and inflammations, cough, 
shortage of breadth, and asthma. Many 
advertisements warn against counterfeit 
products, further suggesting the popularity of the 
nostrum.  
 
 
 

Fig. 1  Artifact 86-36/5-961 
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Horehound 
White Horehound (Marribium vulgare L.) is a herbaceous perennial plant, some-
what resembling mint (Fig. 3). It appears in medical traditions around the world, 
notably North Africa, South America, India (Ayurvedic medicine) and among 
North American Indians and Australian Aborigines. There is, however, no specific 
mention of it in Chinese traditional medicine. To this day it is used in lozenges to 
aid digestion, soothe sore throats, and relieve inflammation.1 Modern research 
even suggests that its extracts are effective in the inhibition of human LDL oxida-
tion,2 and possibly in the treatment of diabetes mellitus.3,4 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 A: Bottle label (presumptive); B: advertisements for product; C: similar product 

A 
	  

B 
	  

C 
	  

Fig. 3 White Horehound  



	   3	  

The constituents of White Horehound extract are variously described as including 
essential oils (pinene, limonene, camphene), diterpene alcohols (marrubinol, 
marruciol, silareol), sterols, saponins, bitter lactone, alkaloids (betonicine, stach-
ydine), tannin, mucilage, vitamin C, flavonoids, and phenolic compounds. A prin-
ciple components appears to be marrubiin, a diterpene lactone: 
 
 
 
 
 
 
 
 
 
It is evident from both the label (Fig. 2) and the name, that honey was used in the 
making of the remedy, but it is unclear whether this referred to honey produced 
by bees from horehound flowers, or to horehound extract infused into unspecified 
honey. The various recipes presently available for the manufacture of homemade 
horehound cough syrup5 seem to favor the latter view.  
 
Tar 
An advertisement in The New York Times of November 5, 1864, read:6 

Hale's Honey of Horehound and Tar; FOR THE DUKE OF COUGHS, 
COLDS, INFLUENZA, HOARSENESS DIFFICULT BREATHIHG, AND ALL 
AFFECTIONS OF THE THROAT, BRONCHIALTUBES AND LUNGS, LEAD-
ING TO CONSUMPTION. 

  This sovereign remedy is compounded from the favorite recipe of an illustri-
ous Physician and Chemist, who for many years used it with the most com-
plete success in his extensive private practice. 
He had long been profoundly impressed with the wonderful virtue of the 
honey of the plant Horehound, in union with the CLEANSING and HEAL-
ING properties of tar extracted from the LIFE PRINCIPLE of the forest tree 
Abies Balsamea, or Balm of Gilead. For years he was baffled in his attempts 
to blend these great medicinal forces into such a union that the original pow-
er of each would be preserved, the disagreeable qualities of common tar re-
moved, and the price of the compound be within the means of all. At last, af-
ter a long course of difficult chemical experiments, he found that by adding 
to these five other ingredients, each one valuable by itself, he not only ob-
tained the desired results, but greatly increased the curative power of the 
compound. This having been thoroughly tested by practice, is now offered to 
the general public as a safe, pleasant and infallible remedy. 
PRICE, 50 CENTS PER BOTTLE. 
For sale by all Druggists. 
CHARLES DOWNER, General Agent, No. 44 Cedar-st., New-York. 

 
According to this description, the tar component of Hale’s Honey of Horehound 
and Tar was “Balm of Gilead”, made from extract derived from the resinous gum 
of cottonwood (Populus balsamifera or P. trichocarpa) and valued for its anti-
inflammatory, antimicrobial, and analgesic properties.7 The ingestion of tar for 
curative purposes was fairly common in the 19th century. A previous example en-
countered in this laboratory involved a medicine bottle with remnants of wood tar, 
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recovered from an archaeological excavation in Sandpoint, ID, and deriving from 
the same period as the present artifact. We noted in our analysis report that 
wood tar “…..was used for medicinal purposes: externally as a treatment for pso-
riasis and chronic eczema, but also internally for bronchitis (subacute and chron-
ic).”8 
 
The above advertisement also suggests that Hale’s was not a trade name, but a 
product descriptor. It appeared to have been marketed by different purveyors, of 
which C. N. Crittenton was one. 
 
Conclusion 
 
The symmetrical shape of the bottle suggests large scale manufacturing – in con-
trast to the irregular appearance of some of the flask and vials containing tradi-
tional Chinese medicines recovered from the SJ Market Street site. The history of 
Hale’s Honey of Horehound and Tar indicates that it was a common nostrum sold 
across the United States in the late 19th century. It probably had no specific con-
nection to the inhabitants of the SJ Chinatown, but was sold and used there as it 
was in other parts of the country. 
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Compounded Medicine – Black Granular Solid 

China Town, San Jose       April 15, 2013    

Sample #86-36/11-2       Analyst: S. Elizabeth Harman 

Date Excavated 

 

Appearance of Artifact 

Small glass bottle, ca. 10 mL volume; stoppered with 
a wad of paper (clearly added at or after recovery); 
colorless glass, coating on inside gave a predominant-
ly blue color; intact, no cracks, no embossing; ap-
proximately half full with a granular black solid, 
somewhat inhomogeneous.  

Procedures and Results 

The unknown material in the bottle had no odor. 
When placed in a flame it glowed red and burned 
with difficulty. Some of the material remaining after 
combustion had a blue color. Upon further heating the 
color lightened and the blue disappeared. When 
placed in a muffle furnace for 8 hours at 800o C the 
sample lost 41.3% of its weight and turned a light or-
ange-pink color. The sample dissolve mostly, but not entirely, in aqua 
regia. It did dissolve in a 3:1 mixture of HCl:HF. The infrared spectrum of 
the sample showed little evidence of an organic material (Fig. 2). A test 
with nitric acid and potassium chlorate indicated that the sample contained 
carbon.1 A series of quantitative atomic absorption spectroscopy runs 
showed that the ashed portion of the sample (from muffle furnace) con-
tained 29% iron, 7.5% magnesium, 5.3% copper, 5.1% sodium and 4.7% 
calcium. Trace amounts of manganese and potassium were also present.  

Discussion 

The behavior of the sample indicated that it contained elemental carbon. Since it lost 41.3% of its 
weight under high heat and contained no other components apt to be burned off, it must be con-

                                                            
1 F. Feigl and A. Vinzenz, Spot tests in inorganic chemistry, 6th edition, 1972, Elsevier, Amsterdam, pp. 165ff. 

Fig. 1 Bottle (top) and contents 

(bottom) 
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cluded that the substance lost was carbon and that the original material contained this percentage 
of the element.  

Charcoal has been used for medicinal purposes since around 1500 BCE (in Egypt), including as 
an antidote for poisons and a treatment of ulcers.2 The activation process, which makes the mate-
rial much more effective, was developed at the end of the 19th century. When compared against 
an activated carbon control in the decolorization of a ferroin solution, the present sample showed 
no evidence of activation. The most likely reason for this is that it was never activated, although 
it is also possible that the prolonged exposure suffered by the sample led to deactivation.  

The remainder of the material in the bottle appeared to be a mineral comprised of the silicates 
(soluble in HF) and oxides of iron, magnesium, copper, sodium, and calcium. The blue color ob-
served after initial ignition was ascribed to the formation of cupric carbonate, CuCO3 which is a 
green to blue amorphous powder. Prolonged strong heating transformed it into brownish cupric 
oxide, CuO. The ash obtained from the muffle furnace contained the oxides and silicates of the 
metals mentioned, with a reddish color due to the predominant component, ferric oxide (Fe2O3). 

Conclusion 

The small size of the bottle suggests that the material contained in it was either sparingly used, or 
comprised a single dose. It was most likely a compounded medicine, derived from two different 
sources. One of these (ca. 40%) was char, more-or-less pure carbon, which has played an im-
portant role as an adsorbent in medicine through the ages.3 It would have been included as an 
adsorbent and purifying agent. The other (ca. 60%) was a mineral of uncertain origin, but rela-
tively rich in iron, magnesium, and copper. This 
would put it in the category of ‘stone drugs’ that 
remain part of traditional Chinese medicine.4 Iron 
plays a role as a hematinic (blood medicine); cop-
per is believed to help the flow of "chi," or life en-
ergy; and magnesium aids in relaxation and heart 
health. The overall picture that emerges is one of a 
type of solid elixir. 
      

                                                            
2 http://www.buyactivatedcharcoal.com/activated_charcoal_history 
3Charlotte O'Neil, Historical and Traditional Uses of Ashes and Charcoal in Food and Medicine, Kindle Edition, Amazon.com 
4 Weidong Yu, Harold D. Foster, and Tianyu Zhang, Discovering Chinese Mineral Drugs, J. Orthomolecular Medicine Vol. 10, No. 

1, 1995. 

Fig. 2  Infrared spectrum of material in bottle.



Glass Bottle with minimal contents 

    Analyst: S. Elizabeth Harman 

 

Appearance of Artifact 

Square clear glass bottle, short round neck, 3.75 inches tall 
including neck, sides 1.4 inches long, neck 1.0 inches long, 
mouth 0.6 inches in diameter; no stopper, no cracks or chips, 
no embossment or distinguishing marks; small patches of 
iridescent residue on interior, mostly empty, small amount of 
brown dry substance inside. 

Procedures and Results 

The unknown material had no odor. When placed in a flame it 
did not catch fire, even when red hot. When placed in a muffle 
furnace for 8 hours at 800o C the sample lost 50.5% of its 
weight and changed from its initial light brown color to red. 
When placed in HCl, almost all of the material dissolved; it 
dissolved completely in 3:1 HCl : HF. The IR spectrum of the 
sample indicated the presence of carbonate (Fig. 2;1440, 950 
cm–1). A series of quantitative atomic absorption readings on 
the original sample showed that it contained 21.1% Fe, 4.3% 
Cu, 3.5% Ca and 1.1% Zn. 

Discussion & Conclusion 

The weight loss in the muffle furnace was due to the decomposition of carbonate and the loss of 
carbon dioxide. The 50.5% weight loss corresponded to a 68.9% CO3 (carbonate) content of the 
material. Together with the metal contents listed above, this amounted to 98.9% of the material. 
It was assumed that the remaining 1.1% was silicate.    

The bottle contained a mixture of carbonates (and a trace of silicate), with iron (probably ferrous) 
carbonate predominating. It cannot be unequivocally determined whether these were remnants of 
a stone drug, or soil components that penetrated the bottle when it lay buried (it had no stopper). 
Ferrous carbonate is not listed as a stone drug by Yu et al.,* but it is presently sold as a “blood 
tonic” by purveyors of traditional Chinese medicines (e.g. Alibaba.com). 

 

                                                            
* Weidong Yu, Harold D. Foster, and Tianyu Zhang, Discovering Chinese Mineral Drugs, J. Orthomol. Med., 10, 31-58 (1995). 

Sample 86 – 36/17 – 86 
Market Street Chinatown, San Jose 
October 17, 2013 

Fig. 1 artifact 86–36/17–86 
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Fig. 2  IR spectrum of material 

 

 

 

 

 

 

 

 

 

 

 

 

 



Black ‘Stone Drug’ 
Market Street Chinatown, San Jose  
#88-91/26-317  
May 28, 2013        Analyst: Anton Shapovalov 
 
Appearance of Sample 
A small irregular vial (Fig. 1), volume approx. 3 mL, with a small amount of black 
solid (Fig. 2) adhering to inside wall; no stopper; clear glass. Bottle had iridescent 
rainbow sheen, similar to other glass artifacts in the SJ Chinatown collection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Results and Discussion 
• The sample was scraped off the inside walls of the container with a steel 

wire and weighed. The total mass recovered was 5.33 mg.  
• The sample was found to be insoluble in water and partially soluble in con-

centrated HCl. A strong H2S smell after addition of HCl indicated the pres-
ence of sulfide. The material that was insoluble in HCl dissolved upon addi-
tion of HF, indicating that it was a silicate.  

• The sample was heated in a muffle furnace for 6 hours at 800 oC. It 
changed to a yellow-gold color and its weight decreased by ca. 40%. 

• IR spectra of the original and burnt sample were taken (Figs. 3,4).  
• Flame AA analysis for lead and manganese showed these elements not to 

be present. 
• A spot test for mercury1 showed it not to be present in the sample. 
• Quantitative flame AA tests for copper, iron, and calcium showed there to be 

1.3%, 6.3%, 2.3% by weight of each metal, respectively. 
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  F. Feigl, and V. Anger, Spot Tests in Inorganic Analysis. American Elsevier Publishing Company, New York, 1972.	  

Fig. 1: Artifact #88-91/26-317 Fig. 2: Recovered sample 



The solubility of the sample excluded the possibility of it containing elemental 
carbon, despite an original postulate based on its appearance and weight loss in 
the furnace. This weight loss could not be attributed to the loss of water since on-
ly a small O–H appeared in the IR spectrum. It was therefore postulated that the 
sample contained a significant amount of nitrate, as indicated by the IR peak at 
1394 cm-1 (Fig. 3). Upon heating, nitrates can decompose, leading to weight 
loss.2 This is borne out by the virtual disappearance of the 1394 cm-1 peak in the 
IR spectrum of the burnt sample (Fig.4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Conclusions 
It must be concluded that artifact 88-91/26-317 contained a mixed mineral mate-
rial comprised of sulfides, silicates, and nitrates of iron, copper, and calcium. It is 
probable that other metal ions were also present, but these could not be identi-
fied because the amount of sample was insufficient. In view of the appearance of 
the sample and the evidence discussed above it is very likely that this sample, 
too, should be categorized as a traditional Chinese “stone drug”. Whether it was 
compounded or mined in its present state could not be established. 
	  	  	   	  
	  	  	   	  
	  	  	   	  
	  	  	   	  
	  	  	   	  
	  	  	   	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 B. Pacewska and M. Keshr, Thermal transformations of aluminium nitrate hydrate, Thermochimica Acta, 385, 73–80 (2002). 

Fig. 3: IR spectrum of original sample Fig 4: IR spectrum of burnt sample 
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