
Determining  the  Metal  Content of Cotton 

By Donald E. Brushwood and Henrv H. Perkins Tr.. Cotton Oualitv Research Station, .:e 
U:S. Department of Agriculture-Ag&dtural Research Service, Cfemson, S.C. 

M etals in cotton may  contribute to 
problems  that  occur  in  yarn 

manufacturing,  fabric  production, 
bleaching  and  dyeing  processes.*-4 
High levels of silicon  and  other metals 
have  been suspected as a  cause of fric- 
tional  problems in rotor spinning  and 
needle wear in  knitting. In the dyeing 
of cotton,  insoluble  calcium  and 
magnesium  salts  may  interfere  with 
dyejng q ~ a l i t y . ~  Copper,  iron  and  alu- 
minum contribute to yellowness of fin- 

ABSTRACT 

Metal content of cotton is of increas- 
ing importance to cotton processors 
both because of effects on processing 
and product qualities and because of 
potential environmental concerns and 
constraints. Metals can contribute to 
problems that  occur in yarn manufac- 
turing, fabric production, bleaching 
and dyeing processes. Disposal of 
both liquid and solid wastes contain- 
ing certain metals must be carefully 
monitored and controlled. Cottons 
varying in growth area, variety and 
harvest season were analyzed for 
potassium, magnesium, calcium, 
sodium, iron, copper, manganese, 
zinc, lead and cadmium contents by 
atomic absorption spectroscopy. 
Metal contents varied significantly 
between years and between growth 
areas. Potassium was the dominant 
metal (2000-6500 ppm) followed by 
magnesium and calcium (400-1200 
ppm), sodium (100-300 ppm), iron (20- 
90 ppm) and zinc, manganese and 
copper (1-10 ppm). Lead  and cadmium 
were not detectable in any of the cot- 
tons at test sensitivity limits of about 
one ppm. 
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ished denim goods.4 Proper disposal of 
solid and liquid textile wastes contain- 
ing metals and residual  metals in  com- 
mercial fabrics are problems of increas- 
ing importance to the textile i n d ~ s t r y . ~  
Environmental  limits  on  certain  met- 
als  are strict  and are expected to be 
even  stricter in the  future. 

Naturally  occurring  metals such as 
potassium are important  nutrients for 
normal  development of cottone6  The 
potassium in cotton is in  a very soluble 
form and  residual levels in  cotton at 
the time of harvest are highly  related 
to field weathering  Other 
metals  such as aluminum.  calcium. 
magnesium,  iron, silicon and  sodium 
also occur  naturally  in cotton. but  in 
smaller  amounts.  Trace  amounts of 
copper, manganese and  zinc also are 
often p r e ~ e n t . ~ . ' ~  

There is little  information  available 
on  the factors that  cause  variations in 
metal content. but factors such as va- 
riety, cultural  and harvesting histories, 
location and field weathering condi- 
tions are  obviously important. Metal 
compositions of domestic  cottons cov- 
ering the years 1983 to 1989  were de- 
termined. To determine regional and 
varietal  differences.  four  varieties 
grown in  three locations in one  year 
were  tested. Three African, three  Chi- 
nese and  one Pakistani  cottons  were 
also  tested.  The  metals  determined 
were potassium,  calcium,  magnesium, 
sodium, iron, copper, manganese, zinc, 
cadmium  and lead. 

Experimental 

Cottons  from inventory  were  condi- 
tioned  in  the laboratory atmosphere 
(24c and 62% R H )  for at  least 20 days 
before moisture  contents were deter- 
mined for each. Moisture contents  (in 
triplicate) for the cottons  were deter- 
mined  and  averaged  6.30 * 0.26%. 
Metal contents were calculated  on  a 
dry fiber basis, using  this 6.3% mois- 
ture  content as a factor to adjust to dry 
weight. 

Duplicate 10 f 0.005 g samples of 
raw cotton  were ashed for  2.5 hours at 

650C in  a muffle oven. After ashing, :. 
the  residues  were  weighed  and ash 
content  was  calculated for each 
sample.  The  ash  residues  were ({is- 
solved in 5 mL  of concentrated hydro- 
chloric  acid (38%) and subsequently 
made up to 25  mL with  deionized wa- 
ter.  Dilutions  were  made from this 
original solution  with  deionized water 
depending  on  the  expected concentra- 
tion of the  element  in  the  sample and 
the linear  operating range of the atomic 
absorption  instrument  as  predeter- 
mined  with  standard  solutions. 

Atomic absorption (AA) analysis for 
each  metal was  made on a Buck Model 
200A Spectrophotometera reading  in 
the  absorbance  mode  using  an  air/ 
acetylene  flame. To overcome any pos- 
sible  ionization of the  potassium or 
sodium  in  the  air/acetylene flame. ce- 
sium at the  concentration of 1000 ,ug/ 
mL  of sample  and  standard was  added 
when  determining these tlvo elemenls. 
The  cesium  was  supplied by dissolv- 
ing 3.1675 g of cesium  chloride in 5 
mL  of deionized  water.  Additions of 
the  cesium  chloride to standards  and 
samples  were  at  the  rate of 2 pL/ml. 
To  overcome  possible  depression of 
the  sensitivity for calcium  and magne- 
sium by silicates,  aluminum or phos- 
phates, 1000 pg/mL  lanthanum was 
added to standards  and  samples  whes 
analysis for these  two elements were 
performed.  The  lanthanum  solution 
was prepared by dissolving 6.6840 g 
of lanthanum  chloride  in 5 mL of 
deionized  water.  Two  microliters of , 

the  lanthanum  solution  per milliliter 
of sample  were  added. 

Dilutions  made to  obtain effective 
absorbencies at their respective  wave- 
lengths in  linear operating ranges were 
1250x,  625x  and  125x total for potas- 
sium,  calcium  and  magnesium  and so- 
dium,  respectively.  The  original 10 
grams per 25 mL of solution ( 2 . 5 ~ )  was 
- 
&Trade  names are used solely to provide infor- 
mation. Mention of a  trade  name  does not consti- 
tute  a  warranty or an  endorsement of the product : 
by the U.S. Department of Agriculture to the ex- 
clusion of other  products not mentioned. 
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Table 1. Comparison of ICP  and AA  for Certain Metals in Raw Cotton 

Metal Content (pprn) 

ICP AA ICP AA ICP AA ICP AA ICP AA ICP AA ICP AA 
"__"""""" 

1.26 4600 4170 500 735 700 665 20 19 
1.71 5400 5580 700 565 600 600 46 55 3 4  5 5  12 7 
1.04 3800 3440 600 525 400  345 15 22 
1 . I6 3700 3680 900 930 600 505 50 49 
1.75 5300 5680 1000 1000 600  585 60 50 
"""" """ 

4650 4510 740 751 580 540 38  39  1.4  2.4 4.4 4.4  6.8  5.4 

I analysis.  Single  analyses  for  potas-  ppm for all  cottons.  Copper.  zinc  and  times as high as those of the cottons 
sium.  calcium,  magnesium.  copper,  manganese  were  present in each of grown in Texas.  Potassium  contents of 
manganese. iron  and  zinc were  deter- these  cottons at low levels. the foreign cottons ranged from about 
mined  for each of the five cottons. Cot- 

: Results and Discussion 
I 

detected in  any of the cottons  at the 

cadmium  and 2 ppm for lead. Table II. The  Effect of Growing Area and Variety on Metal Content of Raw Cotton 

Metal  Content  (ppm) 

metals in five cottons  show  that agree- , California SJC 6610 520  660 145 15 

ment between  the two methods and  the ~ 

SJ5 6230 550 670 190 21 
GSA71 5660 485 495 140 

GSA71 2160 810 380 110 84 
DPL61 2120 680 380 105 82 

5440 810 760 340 33 
4970 695 630 285 22 
5120 575 585 100 30 

BOLA 5220 575 695 175 43 
4330 1175 545 190 82 

VIVA 4580 695 585 145 63 
ORGINE 5280 1525 695 270 15 

Were lowest for the  Texas, Mississippi 
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about 550 ppm. Calcium  levels in  the 
foreign  cottons  were somewhat higher 
than  the levels in  domestic cottons. 

Magnesium contents  ranged from 
about 350 to 675 ppm for the  domestic 
cottons. As was the  case  with potas- 
sium, the SJ5 variety contained slightly 
higher  levels of magnesium  than  did 

I 
I the  other varieties  grown in  the  same 
i areas. Cottons grown in California av- 

eraged 580 pprn which  was  approxi- 
mately 50% higher than  the average for 
the cottons grown in Texas and  in Mis- 

! I  sissippi. Magnesium contents of the 
! j  foreign  cottons  were  slightly  higher 

than  that of the  domestic  cottons. 
Sodium contents  varied  from 100 to 

190 pprn  for the  domestic  cottons. No 
significant  differences were  found be- 
tween varieties. The  cottons grown in 
California had  slightly  higher  levels 
than  those  grown  in  Mississippi or 
Texas. Sodium  contents of the foreign 
cottons  were  slightly  higher than  those 
of the domestic  cottons. 

Iron contents of all domestic cottons 
were  below 100 ppm.  The  cottons 
groyn  in Texas  averaged  about 85 
ppm,  those grown in  Mississippi aver- 
aged between 30 and 40 pprn and those 
grown in California averaged  between 
15 and 25 ppm. Differences between 
varieties  were  small.  Iron contents of 
the foreign cottons were  also  below 100 
PPm. 

Average levels of zinc  and manga- 
nese  in  the  domestic  cottons  were 
about 5 ppm.  The  manganese levels of 
the  cottons grown in  Texas  appeared 
to be  slightly  higher than  the levels in 
the cottons  grown  in  California or Mis- 
sissippi. Copper  levels were generally 
between 2 and 3 ppm for most of the 
cottons. The Pakistani cotton  had very 
low levels of copper  and  zinc  and  no 
detectable  manganese. The  results for 
copper  and manganese  agree  generally 
with results  reported by Heinzelman.'o 

The  Effect of Growing 
Location  and  Season 

Metal contents of cottons  grown  be- 
tween 1983 and 1989 in  four  locations 
are shown  in Table 111. Not all years 
are  represented  in  any  one area.  Aver- 
ages and ranges of potassium  contents 
of cottons from the different areas  and 
years w e r d a l i f o r n i a ,  average 5853 
ppm. range 4800-6400 ppm;  Missis- 
sippi, average 3612 ppm. range 3000- 
4400 ppm; Texas,  average 3508 ppm, 
range 2170-5170 ppm;  and  Texas High 
Plains, average 5107 ppm,  range 3510- 
6130 ppm. In general,  the  levels  in 
California cottons  were  consistently 
high  and  the levels in  the  Mississippi 
cottons were  consistently low.  The lev- 
els  in  the Texas and  the  Texas High 
Plains cottons  were  more  variable than 
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Table 111. Potassium, Calcium, Magnesium, Sodium and Iron Contents of 
Raw Cottons from Different Growing Areas in Different Years 1 

Potasium (ppm) 
Year 

Growing Area 

California 
Misslsslppi 
Texas 
Texas  High 

Plains 

California 

Texas 
Mississippi 

Texas  High 
Plains 

California 
Mississippi 
Texas 
Texas  High 

Plains 

California 
Mississippi 
Texas 
Texas  High 

Plains 

California 
Mississtppi 
Texas 
Texas  High 

Plalns 

1983 

5960 
3000 
21  70 - 

550 
545 
760 - 

585 
390 
400 - 

150 
125 
110 
- 

18 
36 
a6 - 

1984 

5980 
- 

the  levels  in  cottons from the  other 
areas. 

The  calcium  content of the  cottons 
averaged over  areas and pears  was 905 
ppm  and  the range was 545-1250 ppm. 
There were  no  clear effects related  ei- 
ther to area or to pear of growth. 

Averages and ranges of magnesium 
contents of  cottons from the different 
areas and years were-california, av- 
erage 644 ppm, range 553-735 ppm; 
Mississippi, average 918 ppm, range 
390-1250 ppm;  Texas,  average 423 
ppm, range 395-500 ppm;  and Texas 
High Plains, average 532 ppm, range 
465-585 ppm. For the most part, mag- 
nesium  contents were  relatively con- 
sistent over  years and areas and fell 
within a range of about 400-700 ppm. 
Exceptions  to  this  were  the  much 
higher  levels  in  the 1986,  1987 and 
1988 Mississippi cottons  where aver- 
age magnesium  content  was 1210 ppm. 

The average sodium  content of the 
cottons was 173 ppm.  The levels  were 
very consistent both between years and 
between  growth areas. The  iron  con- 

1986  1987 

61 50 
4390  4030 
3600 
3510  61  30 

3090 

5810 

a55 
Calcium (ppm) 

910 
1145 1 oao 
960  1235 
1035 750 

735 
1145  1235 
395  395 
465  545 

Sodium (ppm) 

Magnesium (ppm) 
685 

225 
135 

170 

195 
215 

140 
155 
160 

Iron (PPm) 
66 38 
26  26 
21  38 
60 55 

1988 

4820 
31 60 
51  70 
5680 

650 
1250 
1025 
935 

695 
1250 
500 
585 

220 
170 

175 
1 a5 

35 
60 

35 
50 

tents of the cottons  were  generally in 
the range of 20-85 ppm  and no patterns 
related  either to year or to area of 
growth  were apparent. 

As was  the  case  with  the  area of 
grocvth-variety cottons,  the manganese, 
zinc  and  copper  contents of these cot- 
tons were 10 ppm or below. Each of 
the  same metals  were present  in ea,:i 
of  the  cottons tested. Manganese lev- 
els  ranged from 4-8 ppm,  zinc levels 
ranged from 3-10 pprn  and  copper lev- 
els ranged from 1-9 ppm. No differ- 
ences were found  that  could  be related 
either to  year or to area of growth. 

Cotton  Ash  Content 

Ash  content of raw  cotton  can var; 
from below  one percent to well abovl: 
two  percent  depending  on factors in- 
cluding area of growth,  environmental 
conditions, foreign matter content  and 
othersg In combined studies of cottons 
from five domestic  and  three foreign 
growing  areas,  ash  determinations 
were  made  on a  total of 42 cottons, see 
Table IV. 

I i 
Table IV. Ash Content of Cottons Grown 

Domestically and Internationally 
I 1 

Location Ash % Range % 

California (n = 13) 1 .ao 
Mississippi (n = 10) 1.17 
Texas (n  = 7) 1.07 
Texas High  Plains (n = 4) 1.62 
South  Carolina (n = 1)  1.26 
Foreign (n = 7) 1.70 1.59- 1.84 

1.61 - 2.07 
0.79 - 1.42 
0.91 - 1.71 
1.41 - 1.90 
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Fig. 1. The  relationship  between  potassium  and  ash  contents of cotton. Fig. 2. The  relationship  between  magnesium and ash contents of cotton. 

These  results fit into a somewhat 
typical  pattern of higher  levels of 
noncellulosic  constituents  in  cottons 
that  are grown in  western areas where 
irrigation is the norm and rain  on open 
bolls is rare. In general. the levels of 
noncellulosic  constituents,  including 
metals, are  always  high in California 
cottons relative to  cottons from other 
major domestic growing areas.' 

The  relationship  between  potas- 
sium  content  and  ash  content of the 42 
cottons is  shown  in Fig. 1. The coeffi- 
cient of simple correlation is 0.94. The 
relationship  between magnesium con- 
.ent and  ash  content is shown  in Fig. 
2 .  The coefficient of simple correlation 
is 0.76, When the  potassium  and mag- 
nesium  contents are combined  and re- 
lated to ash  content,  the coefficient of 
simple correlation is 0.95. Thus, for the 
cottons  tested. above 90% of the varia- 
tion  in  ash  content is accounted for by 
variations  in  potassium  and  magne- 
sium  contents. Potassium (31%), Cal- 
cium (6%)  and magnesium (4%) ac- 
count for approximately 41% of ash 
weight  in  the cottons. The  results  are 
generally  comparable  to  reported re- 
sults.9 

Summary  and  Conclusions 

Ash  and  metal  contents  were  deter- 
mined for 42 cottons from major do- 
mestic growing  areas and from three 
foreign countries.  The basic procedure 
involved  ashing of the cotton samples, 
dissolving the  ash  in acid solution  and 
determination of the metals  using AA. 
Selected  samples were  tested both  by 
AA method  and by ICP in  an  indepen- 
dent laboratory.  Results of these com- 
parison tests  were  very good. 

The  dominant metal in the  cottons 
was  potassium (ca., 2000-6500 ppm); 
followed by calcium  and  magnesium 
(ca., 400-1200 ppm);  sodium (ca., 100- 
300 ppm);  iron (ca., 20-90 pprn);  and 
zinc, manganese and  copper (ca., 1-10 
pprn). All of the  cottons  tested  had 
measurable  quantities of these  last 
three heavy metals. Cadmium and  lead 
were  not detectable in  any of the cot- 
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tons at the  test  sensitivity limits. The 
western  grown, irrigated cottons, par- 
ticularly  those from California, gener- 
ally had higher  ash  contents and higher 
levels of potassium  than  did cottons 
grown in  the more easterly areas. There 
were large variations in metal  contents 
both  between years and between loca- 
tions.  particularly for potassium. mag- 
nesium  and  iron.  The only varietal dif- 
ference noted  was  with  the SJ5 cotton. 
In direct  comparisons  in three g r o ~ l -  
ing areas,  the  potassium  and magne- 
sium  contents of the SJ5 were alwavs 

1 7. Domelsmith. L. N. and R. J. Berni, TextiIe Re- 
~ seorch lournal, Vol. 54, No. 3 ,  March 1984, 

, 8. Muller, L. L. et al, Chemical Characterization 

, ton Dust Research Conference. P. I. Wakelyn 
of Washed Cotton, Proceedings of Sixth Cot- 

I and R.  R. Jacobs.  editors.  National  Cotton 
Council,  Memphis. Tenn., 1982.  p47. 

, 9. Guthrie. J. D, ChemistqJ and Chem~cal Tech- 
' n o f o p  of Cotton. Ward Jr.,  Kyle,  editor, 

Interscience Publishers Inc., New York. 1955, 

i 10. Heinzelman. D. C. and R. T. O'Connor, Tex- 
file Reseonh Journal. Val. 20, No. 11, Novem- 
ber 1950. ~ 8 0 5 .  

, p210. 

, P9. 
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klthough  this  is  obviously not a, 
complete  survey of all metals for all 
variitions of cotton-nor would one be 
possible-the cottons tested  represent 
major growing  areas over several sea- 
sons  and  the  metals  determined  in- 
clude most of the  common ones  found 
in significant quantities  in cotton with 
several notable  exceptions  such as  alu- 
minum  and  silicon.  Thus, these results 
should  provide general  information  to 
cotton processors who have  concerns 
about the roles of metals in yarn manu- 
facturing,  dyeing,  finishing, safety and 
health  in  the  workplace  and disposal 
of solid  and  liquid wastes  containing 
metals. 
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