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ABSTRACT
Commesrcial salts in Portugal are described cluding their rupecmc quantities,
principal consuring sectors and market trends. The raw salts are differentiaied from
processed salts (purified. refined, lodized and table salt), The uvsual laboratory
determinations for the chemical churacreristics are described together with the
methods and equipment used. Analytical results and respective statistical studies
for seme types are listed. The main purpose of the studies is ©. improve product
quality, indensify the introduction of new technalogicsl solutions and to satisfy the

requirements of the consumers.

INTRODUCTION

This paper contributes to the definition of the chemical
characteristics of the raw and treated salt produced in Por-
tugal, o

Crude (raw) salt. Crde or raw salt includes rock and
solar salt from sea or saline sources. In the pericd 1972 w
1976, the productions for rock salt (including brines) was

. - é

300,000 ty; for solar salt, 220,000 vy, Uses of Salt, 1972~ 1976 ;
In the same perfod the main consumers of rock salt ware Rock Salt and Solar Salt Tons/Year i
the chemical and salt refining indusiry. The uses of matine Chemical fndustry 316,208 E
salt were more varied {Table 1}, Sait Refining Industry 7,418 £
f . . . s z
Treated salts. According to law, there are four kinds of Industry of Purification 46,192 g
treated salts: purified (hygienized), refined, table sakt and Cod Fishing 32,416 5
e P Y8 : ’ : Fish Canning Industry 9,484 &
iodized salt. Chemical Indusiry £.049
Purified salr 15 obtained from sea salt, through washing, Salt Preserving _ 2,558
centrifugation, thermic dryving, milling and screening. It v
TABLE 2 g

must have the following analvtical characteristics:

Lossafmass .............co.. ... maximum!%
Sodiuen chloride .. .. ... ... ... minimum 98% Loss of mass maximum .20% {
¢in dry product) Halogens, expressed in CI™ miﬁi.lmum 59.7% é
Tnsohible mat in water T 0.2% insoluble matters MANTMUN 05% :
RSQAIHE MAters 1 €r e maExnim .27 Caicium, expressed in Ca™* maximum D8% i
{in dry product} Magnesinm, expressed in Mg't  maximum D6% P
Refined salt is produced by refining which consists in i‘;‘gg::“’ expressed in SO, mem i‘;ﬁ
recrystaltizing rock salt solutions, followed by thermic dry- Lead maximum 5 ppm
ing of the product. This type must bave a certain number of {ron maximum 10 ppm

properties. It must pass through a mesh of .00 mm wide,
being the wire of a 0.48 mm diameter. For chemical proper-
ties, in agueous solution of FO% (in weight) it must be a
coiorless shade and a neutral reactivn. The composition
shown in Table 2 is compulsory:

TABLE |

Requirements for Refined Salt
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Table salt, fitke a refined une, ts obtained by recrystalliza-
tion of rock salt. It must entirely pass the no. 25 ASTM
screen 909% (min.) and must be held on the no. 120 ASTM
screen. It must contain the properties shown ia Table 2. To
avoid caking, carhonate of magnestuen 13 added vp 1o 15

Use of indized salt is suthorized. Portuguese legisiation
allows the incorporation of potassium odide in salt intended
for a small area where cademic goiter was delected. The
maximum amount permitted is 20 mgikg. Tricakeic phas-
phate ix added as a stabilizer.

Statistical data. The annual production of tealed salts
registered & great development. We did a trend-line analysis
of its evolunon {Table 43, The consumption of wodized salt
has kept a relatively constant jevel {800 v'year). The produc-
tion of reated salts, in view of camting years, fends 1o meet
the necessiies, However, due t0 counjunctural reasons,
some discrepancies in the sub-sectors of refined and rable
salt arc observed.

Parified salt is specigily destined for human nourishment
(culinary uses), bakery, animal feeding and water softening.
Practically all refined salt ts absorbed by the textile indus-
try. The table and iodized salts are intended for food.

SAMPLING

Generalities, The characteristics of rock saft are not in-
cluded in this paper, but are held for asother opportunity.
For other types, we comsider the analylical data availabic in
the Servigo de Sal {Salr Service of the Direcgo Geral das
Pescas) and the Paboratory of the C.R.P.G.F. {Cumissdo
Reguladora dos Produtes Quimicos @ Farmacguticos),

For sea salt, we fook as represenfative a periad of seven
vears (197019763 For mested salts, a period of 13 vears
(1964— 1976) was used. It practically begins when this sall
use started about 1964 in this country.

TABLE 2

Reyuirerments tfor Table Sakt

Lass of mass maximnn 20

Haiogens Minimem £0.00%

insoiuble matters in water max e L3%

Cafcinm expressed in Ca™* MEXiFHum 048

Magnesium exprossed in Mg®' Faximum 055

Suiphates expressed in SOF Mmaximem 20%
TABLE 4

Annual Mean Increase in Production

13 years 5 years

(1964 1976) (19721978
Furified salt 4,324 vy 2,347 vy
Refined salt 1,063 vy §.409 vy
Table salt 43 Uy 83 iy

Since the results cover a long period, therz 15 & cortain
variability, both in the sampling critetta and in the methods
of unalysis, peither, however, should sebstantiafly uffect the
conchisions.

Sea salt. Samples of 2 kg were collected based an com-
mercial and legal control and technical purposes.

I the second case, the sampling was done to be represen-
tative of the chfferent saltemns (producing regions} and of the
various harvastings.

The samples were taken, as much as pussible, in the
foilowing conditions: 1} from the interior of crystallizers;
2% after racking and piling the sult an the borders of the
crystallizers; 3) from the mounds or the saltworks ware-
hauses: and 4) frum the recepiion warehouses of the purifi-
cation plants.

When collecting the samples from mounds, we tried t©
gather them from four zones diamelrically opposile and
pluced at a leve]l of §.50 m.

Treated salts. Concerning purified salt, the sampies
were tuken from 21 bags picked immediately after thewr
packing, or from: lots in stock. Other samples were taken, in
the plaats, immediately after each treutrmnent operation.

The samples of refined salt carme from bags utilized for irs
distribution, t.e., with weights of 25 kg and 30 kg.

When the salt reaches the laboratory, it undergoes a ma-
nipulation, according ro the current technigues of sampling,
in order o get o duly homogenized representative lot.

CHEMICAL ANALYSES

Applied determinations. For crude salt, the tests usu-
ally mude are loss of mass at 110°C, ard {on a dry basis) the
L insoluble in warer, 2) halogens, cxpressed in Na(l,
3y calcipm, expressed in Ca™ ™, 4} magnesium, expressed in
Mg’ and 5) sulphates, expressed in SOy, Lately, we have
studied several contaminants (lead, mercury, copper, iron,
7inc, cromivm and nickel),

For purificd salt, it s compulsory by law io deternine
the oss of mass at 110°C, the insolubles in water and halo-
zens, expressed in NaCl (on a dry basis). The samc deter-
minations as mentioned {or raw saft have sometimes been
carried out,

Either for relined salt or table salt we considercd loss of
mass at HIOPC, and ton a dey basis) |} insolsble in water,
2} halogens, 3) calcium, expressed in Ca™™, 4) magne-
sigm, expressed in Mg™™ and 3} sulphates, expressed in
SO7. -

Concerning the contaminants, the legal coptrol provides
cnly for the analvses of iron, copper and lead. However, a
foew determinations wre worked ont for the other reported
cations.

As for odized salt, the tests were the same as those for
purified salt, plus the oue for potassium 1odide.
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Methods used. The determinations were carried out ac-
cording o the following standards:

L.oss of mass. Document ISG/2483.

Inselubles in water. Document 180/247%.

Halogens, expressed in chlorine. Document SO/24R81
(mercorimetric method). At the CRPQF laboratory we pre-
fer, for ready und economical resalts, to employ the argen-
weetric method, in the presence of dichloroflnaresceing
{Fajans method). the results are practically equivalent.

Calcium and magnestum, Document 15G/2482, The in-
dicatar utilized for calcivm is the murexide, instead of
glioxal-bis (2-hydrogyanil) (GBHA),

Sulphates, Document 1SO/2480.

Iudides. The AQAC method ( Assoctation of Official Ag-
riculturst Chemists, USA).

Lead. Colodmerric method of the ditizone (diphenildi-
thiocarhazonz),

Mercury.  Aiomic ahmmt:on (FAAS), in a spectro-
photometer Perkin-Elmer 403, as per the technigue indi-
cated by Perkin-Elmer Corporation, Instrument Division.

Copper. First, we used the sodium diethyldithiccar-
hamule spectrophotometric method, then, we adopted the
zinc dibenzildithicearbamate method. following the option
of the ECSS, wha considered it a method to be proposed to
1SO (Doc. 117/76). The Beckmann DU spectrophotometer
is employed.

fron. The spectrophotometric methad of 1. 10- ph..n::mtm--' '

line was utilized. By the end of 1977, we shifted to the
ECSS norm (Doc. 118/76) which includes a bromine
charge so as 10 cause the iron complete diwo}uzmn. The
Beckman DU spectrophotometer is employed,

Zine, chramium and hickel. Each one of these’ cations is
also dosed in the same atomic absorption spectrophoiometer
with flame (AAS), according to techniques adopted by the
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CRPQF Laboratary, bused on the methods employed for
the determmation of the sume cations, in brines.

To avoid burdeping the text, the results obitained from
statistic calculations are given in aftached tubles and the
initial analytical data are collected in 2 special .waliabk
L"‘Un

STATISTICAL TREATMENT OF DATA

Sea salt, The analviic results from the ruw marine salt
were taken in its totality (1970-1976) and calculated the
respective mean, the standard deviation and the more prob-
able medium value referred al reliable interval of 0%
{Table 5).

We resorted to the normal reduced curve as selection
criterion to ¢iiminate outstanding values. In that sense, and
considering the tofal of 209 samples, we worked with a
reduced Variable of 3.3 Then, there is a probability of

4995 % 2 Yor the anaivm outcome may be found in the
~iaterval ~3.3, +3.3, which corresponds to a frequency of

209, to come o, values superior o 13 3]
: Aft_er due t.hmsmtmn, the mean, the standard deviation

- and religble imtervat-of 90% were recalculated (Table 6).

Afier, took place the correction of that mean values in
function of the lonnages corresponding to the various sam-
ples {Table 7).

Last, and from that data, a hypothetical medium compo-
sition is mdicated {Tabie B},

Rearrangement of data. On the other hand, we assorted
the initial putconte according 1o salterns (producing regions)
10 compare them. We consider the salt of the first harvesting
in 1972 from Aveirc, Figueira da Foz, Sado and Algarve
safterns.

TABLE 5
Crude Salt {1970~ 1976)
Lass of Mass Irsoluble in Water Sodium Chloride Calcium Magnesium Sulphates
(%} (%) %) (%} (%) (%)
N 209 209 09 09 209 N
5, (%} 2233 A2t 4,342 38 503 1.203
(%) 8.532 176 G5.18 186 893 F6iD
int. (90%) A.532 x 2563 AT e D3kd G518 x 2n6h :186 + 0157 B43 = 0377 1.6i9 % 1843
TABLE é
Crude Sult (1970~ 1976}
Loys of Mass Tnsoluble in Water  Sodimm Chloride Calcium Magaesicm Sulphates
) %) (%1 (%} (%} (%}
N 208 194G 203 138 266 194
S () 2.9 {183 1.BOS 0621 421 6122
%) 6,49 95 9‘ A% 162 650 1.33;

int. (905} 6.4% = 249 095 = 0097 93, 44

2084 82 & 00726 H60 = 0482 1.331F = 07230

L ey TR i
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TARBLE 7
Crude Salt
Ny pop 1% x pap (%) int. (0%}
1971 1972 1978 1476 171 1973 1975 147§ 1741 1972 1575 197
Loss of mass Y360 HRG 1483 i 65t 5.47 6,24 6 3t 543 542 = 6.4 = 6.3 = JAS =
Ly 763 326 4,10 3k
tnsoduble in water 4713 IR S iethd Tikd (EI68 123 HE 364 = OBZR & B3 x IO
4 2576 i 996 3240
Sodian chionde  §.293 £.802 13557 1.230 55.20 ¥5.68 95 5} 95.64 B0 = 9EBE x 954 2 PAedx
ey 7056 2964 1.136 4757
Cabaumn A4S ol SR 3505 0T 7w NEt sl 9T A = 159 = l4) &
i) Rine L7 830 G193
Magitesios 200 3K 4509 it 596 26 i) B3 T Mt = 798 - a3
1 120 Pl 743 124
Sulpaucs §0%0 5347 1993 488 b36T 1,338 1.563 %01 LG = 335+ 1563 % RGI5 =
15 327A Ea3i LFES 1885
TABLE &
Hypuothetical Composition of Crude Sah
w71 1972 1975 1976
Sodia chioride 93,70 8316 3.2t Q4 47
Calciam sulphate Ritit] 608 338 478
Magnesinm suiphate 1.38 1.14 t.48 694
Muagnesium chloride  1.223 1,03 1.85% 832

TABLE @

Comparison of Different Saliems (Year: 1972 Harvesting: 1st)

Yoss of Viass Insolthie

Suitern Number n_f Samples X &N X s4N
Algarve & 4,783 1636 07167 00002944
Sado 6 6,933 B4 Ry (03478
Figueira da Foz 5 6.22 1444 148 A07804
Avelro & 7.3 2907 617 (005029

2.174 4.07%
2.580 1902
1.954 1 886

TABLE 10

Tnfluence of the Harvesting Sequence on the Amount of
NaCl and Mpe™ (Yeur: 1672}

Number of Sumples ~ Indicators
Alparve Sado Aveirs Total (] LWy H

NaCl 2 6 7 13 144333 16638 3129

Mg+ 2 f 7 15 ~.29i3 3679 2.835

Froimn Tagus we were unable to dispose of samples which
belony w the first harvesting,

To carry out the comparison, the mean, the variance and
the ¢ test were calcuiated (Table §).

Next, the criginal data were collected according fo the
sequesnce of the harvesting (Table 10). In fact, in the small
traditional saltworks are still carried cut several partial har.
vestings every year.




Elements for Appreciating Chamical Characferiglics

TABLE It

Contaminants in Crude Sak

513

Py Hg Cu Fe in
8, X it Sy X int. 5, X int. &, x int, x int. “
M ppm ppm %¥%: N ppm ppm 0% N ppm ppm %% N ppm ppm % N ppm ppm W%
40 .13 .22 22+ 18 .DO263 00337 00337+ 40 2RO 333 333+ *41 4771 2558 2558+ 36 145 1.50 1.50=%
034 00102 0727 12.26 398
24 4.87 i0.30 i0.30=
1.704
#={7 H0.37 4718 47.18=2
29.38
*all detenminations
* ¥ prumine oxidatiom methed
TABLE 12
Contaminants per Salterns
Pb Hg Cu Fe Zn
5 x 5, b 5 x Sy x g, X
N pp Ppm N ppm ppm N ppm ppm N apm _ ppm N bpm  ppm
Aveiro 7 .30 kT 4 0020 ooy 7 078 23 74084 1270 724l 2.0
Fig#daFozr 5 O 20 —*F —_ — 5 4435 .18 i 1.82 [7 3 02 207
. ; { — 9.4 -
Tejo 3 088 43 2 06 001 It Al g ey 6 1.4
. i — $$$’-35
Sado 0 2 1 e 3 17 3 2 495 g5 3 1.6
4 28 4314
Algwve 22 0 2 1L 00288 0041 22 349 39 !9 gf gg ***14 :89 00 11 L2
*RO% of the resulrs have o 2 ppen mean: o ’
“&glf the results are usder 200 ppr.
#&=hromine owidation meiheat B
TABLE 13 The mean and the standard deviation of confaminants
Contaminants of the Pifferent Salterns {1 test results) were computed as was the probable medium values for
o o e po - 7a relizhle interval of 90% (Table 11). The same results were
aiterns g ¥ . next growped by szlterns, and re-proceeded 1o a new statisti-
S;':;o‘ 0 139 gg; 613 cal treatment (Table 12).
~Alganve ' 565 o Then, we tried to compare the various salierns as to the
['13 . contaminants vafues availing ourselves of the ¢ fest
Tejo-Sado 200 - 853 257 327 (Tabie 13). _ ,
2.26 Treated salts. Concerning the purified types, the results
Figueira da Foz- 133 available were separated by producer plants. The means,
-Tejo 200 — 208  2.23 1,201 the standard deviations and the limits are expressed n Ta-
4.52 bie 14.
Aveiro- o 139 115 0427 The limits on this Table refer to the percentages of sam-

-Figueira da Foz

*alf determmnations

ples within legal characteristics. The annual determination
of general mean values were calculaied (Table 15). The

ST e N —

R
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fimits shown, on this Tabie, are the major percentages of
the general annual productions with good characteristics.
For that purpose. the annval production of each plant was
considered as well as its analytical determinations, Ir was
accounted the popuiation mean, the variance of the popula-
rion of meuans, and, finally, the population variance, fol-

These cations were tested in final purified salt as weil as
in the product taken immediately after cach one of the
technological operations.

However, rot enough data t» available for each produc-
g upit, s we preferred not to do inferpiant comparisons.
Thus, we only show the mean. standard deviation and

lowed by upper and lower Hmits (Table 15).

As to refined, table and jodized salt, the calculations
carried out are expressed on Tables 16, 17 and 18.
The comparison between refined and table salt was made

employing the ¢ test (Table 19}

The comparison between jodized salt oblained from
purified salt and the one coming from vacoum salt, carried

medhun vahie relative to a reliable intepval of 90% for the
total results obtained {Fahle 223,

For the refined and table salt, the statistical indicators are
calculated relatively to iron, copper wnd lead {Tables 23
and 24).

raminants.,

out by the same test, may be seen on Tables 20 and 21,

TABLE 14
Purified Salt (19641976}

Luss of Mass Ensofuble in Water Sodium Chioride
8, X u;'};r Timit S, A upper limif Sy X fuwer limit
Plants N (%) (%} (%} N (%) %} %) N {% (%) (%)
A 56 30 .68 BOE 1% hid) AN 13 885 2% 56 K% 98.12 T =08%
B 7 29 4t 100% < 1% 7 05 RHE] REG: <. 2% 7 0o 9866 37% > U8%
C 24 20 P4 T5% = 1% 24 029 .05 OU%=T 2% 24 1.1 97.54 SR =08%
D 47 1.5 1.3 S48 =i% 47 91 07 80%< 2% 47 i 54,00 T =08%
E 25 a7 B3 68%=i% 23 349 (146 Yo%, 2% 25 1.2 97.67 A6 E98%
F 32 .21 56 FI% =% 32 038 5L (OG22 az 64 - 9R 14 TEE98%
G 36 .33 A3 4% 1% 36 053 £42 TGl 26 6 44 §8.77 100% =98
H 27 1.3 1By THE<I% 27 - NeL0 100%<.2% 27 1.3 7.9 TO%=98%
[ 26 363 .78 Ti%=1% 26 0BT 082 96%: = .25 0 G40 6819 Bi%=98%
TABLE 15
Puritied Salt
Loss of Muss Sodiom Chloride

Insoluhle in Water

Year s pog (%) X pop (%)  upper limit

S pop (%} xpop (%)  upper Hmit s, pop (%) x pop (%} lower Limit

1972 24 &7 80% =% 027 062 Oo% < 1% 3R 98.21 0% =98%
1973 Ny 53 B0%=.7% .21 20 80% 5, 15% 31 98.22 B5% =98%
1974 23 S5 QYg =S 95% 030 {362 3% =, 0% 54 98.72 O8% =985
1978 19 60 T5% =, 8% D46 072 T3% < 08% 20 98,27 G0%=90%
19796 14 36 OR% = 5% A48 093 5%=1% .16 98.52 UR% =98%
TABLE i6
Hefined Sak
Loss of Mass Insolsble im Water Chlorine & Chlorides {ateium Magnesivm Sulphates
'.':,t ¥ int. 5. % Mm; 8y x int. & x it 5 x int. Sy X ind.
N % % W% N @ % HW% N % i3 9% N % % WE N % % %P N % % W%

0061 ME 0 029z 200 031 Q0K LOO8x 20 23 &053 60.33x 20 K4 N2 002s 20 020 00 0= M 079 087 DATe

4123 Rt N

kil jeRL ] 76 031

Tahle 25 refers to the few data available for other con- -

SR

P —
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TABLE 7
Tablc Salt

515

Insoiuble in Water Chlorine & Chlorides

boss of Mass Cajeium

Magnesiom

Suiphates

x X int. 5, X imt. s k. 5, X imt 5,

5, X x . X _
N % % W% N % % W% N % % WER N % % WE N %

X int % x  int.

B % N % % 9%

26 0871 0560 O560a 36 054 IR DR 36 2S5 8007 6007 26 KIS 0039 003w 2R 0412 0GE7 L0674 26 0494 04731 (453

Rixel] REH] (1HBE 21T

Rl AH&S

TABLE 18
Todizad Sair

Loys of Mass  Insofuble in Water  Chiorine and Chlorides  Potassiuvm fodide

N i2 12 12 12
Sy (%) 0801 2 3822 2.809
x (%) 553 SES 0% .47 16.68
int. (90%) 55350416 51520530 OR 47+ 1982 16.67+1.503
TABLE 19
Refined Table Salt Comparison (& tast rt:._-‘-u]ts}
. Loss of Mass Insoluble Chiorine and. - T o -
{(100-110"C) in Water  Chinrides  Calciom Magnesiom  Sulphates  Iron  Copper Lead
1.5 891 3.52 1.85 T .95 447 835 192
TABLE 2{5
S Iodized Sak
Loss of Maxy insoluble in Water Sodivm Chiovide Potassivm Todide
8 ¥ omt : s X int, s, x int. %, X, int.
From: N % % 2% N % - % R N S % i3 N % 4 Wy
Purified 3 0B% 58 SB» R 117 523 523~ R 3964 9835 9873%5- R 2208 750 17.50%
Sait o8 e < TR2 L2656 1.48
Vacuum 4 © .50 562 4 0779 50 50 4 244y 9870 9870+ 4 3.753 15.05 15.05%
Sah o : : a1y L2883 4418 .
_ TABLE 21
Purified-iodized ind Vacuum-iodized Comparison
{t rest results)
Tusoiuble
Loss of Mass o Waler  Sodium Chloride  Potassinm Iodide
2.59 355 1.88 1.205
TARLE 22
Treated Salt Contaminants
Pb Hg Cu Fe ZIn
5, x int S x int, s X st 8, ¥ it $ X int

N oppmoppm W% N ppm  ppm 9% N ppm ppm % N ppm ppm

© 33 0 2 20 13 0024 0028 0028+ 27 (IRS 289 289x 33 714 143
Y 0012 0608

=18 4.07 187

*Brom:he axidacrm method

i3 6.46 K99

% N ppm ppm W

143 22 135 1.8 1.18+
2BE 463
18,7+
1.67

8.99%
4.09

S g
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TABLE 23
Refined Salr Contaminants
Fe Cu b
s, X int. 8, % int. Sy X int.
ppm Ppm % N ppm ppm e ~ ppm ppm 0%
19 5025 2842 2B42x 20 172Y 0RA0 OBSO= 19 11330 4579 45MGw
1886 0663 A5tS
TABLYE 24
Table Subt Contaminants
Fe Cu Py
5, X int. 5y % int. 8, x int.
N [pE ppm 20%; N ppm  ppm Y% N Pt ppm 0%
25 23941 23360 23360 26 1023 L0585 O0883= 21 1.0747 35S 3903
8193 (0343 445
TABLE 25 The aumeric limits adapted for the exclusions were, re-
her Contaminants in Refined and Table Salts spectively:
Hg 7 Cr Ni Loss of mass = 4.6 %
ppb ppm ppm ppm Insolubles = 3B%
Refined Sallt <02  0.4-05 <04 <04 Sodium chloride = 82.8 %
: : %
Table Salt <02  04-0.5 <04 <04 Calcium = 8%
Magnesium 7= 2.46%
Sulphates = 36 %
RESULTS Table 8 shows great amounts of magnesium chlordes

Raw sait. The elimination of the statistically outstanding
values brought out the following values decreases {see Ta-
bles 5 and 6):

fossof mass. .. ... ..o i 0425

Insolubles ... ... o e 075%

Calclum ... ... vt P 0724%

Magnesium .. ... ... o 033%

Sulphates .. ... ... .o .29 %
and an increase of:

Sodiumchionde ........ ... ... ... ..., 26 "

The namber of resulis discarded and its percentages, re-
ferred to a total of 209 samples are given below:

Eossofmass ... ... . . L. T 5%
msolubles .. ... ... .. e L. 19 (9.1%:)
Sodium chloride ......... . ......... 6 (2.8%)
Caleiumm . ... . e 11 {5.3%)
Magnesium . ...... ... ... .0 ..., 3 {04%)

SUIPRAIOS ... . e 15 (7.1%)

and sulphates and low amounts of sodium chlorides due to
two principal reasans, the salt considered was never washed
and the major number of samples came from small tradi-
tional saltworks, where technology is more adequate 1o get
good organoleptic characteristics thar chemical ones.

Comparison among salterns. We verified that concern-
ing sodium chloride, calcium magnesium and sulphate
tenors, no differentiation was noted among the several sal-
terns, but Table 9 shows that Aveiro and Algarve are out-
standing, respectively, as o insclubles and loss of mass.

The first region has a probability greater than %0%, a
greater value as to insolubles, because of a special kind of
sand used to compact the crystallizers bottoms.

Algarve, with the same probability, shows a lower loss
of mass, due to the relative advanced technology, as well as
to the better climatic conditions.

Comparison among harvestings. Concerning the sodi-
um chioride and magnesitm tenors, Table 10 allows one to
differentiate the first from the second extractions. While the
first suffers a drop (99% of probability}, the second rises
{98% of probability). The difference is due to the absence of
drainage of residual brines, in waditional salt ponds.. Mo
statistical differences were detected between the second and
the third harvestings.
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Contaminants. Table 11 shows thal lead presents & me-
dium fenor of 22 ppm relative 0 a wtal of 40 samples
analyzed. 92.53% of the results are of .2 ppm and 3% of
.1 pom. For mercury, for a total of 4] deternunations. there
were 21 less than .00F ppm, i.e., 51.2% of the ttal, and 2
less than 0B0E ppm (4.9%).

In ather R samples, the average tenor was of (0034 ppm
(42.9%) being the minimum value OG0l ppm and the
maximum 0076 ppm.

Copper shows a medium vabse rather high, .33 ppm,
being 10% of the resuits of .| ppm and 37.5% of .2 ppm.
We notice that these results are from & non-washed salt.

Iron, in 24 samples shows a value of 10.30 ppm. varving
between 2 ppm and 17.5 ppm. In another 17 samples the
mean was 47,18 ppme with limits of 1! ppm and 3G0 ppm.

The last group of determinations was according to the
bromine oxidation method. Zine shows a 1.5 ppm mean
and rather heterogeneous values, Table 12 shows the me-
dinm values for different regions and Table |3 the results of
the ¢ test among salts of various origins. The peographic
variation is probably caused hy differentiated brines, soils,
equipments and technologies.

Treated salts {purified sait). The considerable hetero-
geneity of the products coming from different plants may be
chserved in Table 14 and it suggests a big variation of
equipment and technological operations.

The general evelution of the medinm characteristics
during the period considered may be seen on Table 13,

The loss of mass drop, detected in 1976, is gventually
due to techmical development, chiefly in the drying sector,
as well as to the modemnization of the supplving saltworks
themselves. The values shown on Table 14 are different
from corresponding ones of Table 15, because they are
taken from different years.

Calcium, magnesinm and sulphate cake are not shown.
In this type of salt and in intermediate reatment phases, the
few available results are not enough to reach to conclusions.

Contamigants are shewn in Table 22. It denotes that
among the contaminants found in purified salt- and in its
intermediate products, lead is the one whose value is more
umiform {.Z ppm). Mercury’s low medium value is réfnark-
able and in 13 determinations slighty less ( 0028 ppm) than
the one observed in crude salt (.0034 ppm). 30% of samples
had a value less than (G001 ppm and 27% less to 001 ppma.
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Copper shows a medium value of 289 ppm, which is
rather high, although, a somewhat inferior tw the raw salt
ime,

From a first lot of 13 results, tron shows a mediom con-
centration of 8.99 ppni. varying from 3.8 w 23.8 ppm. A
second ot of 18 samples shows a mean of 187, varying
from 12.0 w0 26,0 ppm. The last one was processed accord-
ing to the bromine oxidation method. Zine. with a medium
of 1.18 ppm suggests a certain oregularity,

Refined salt. Table 16 shows that the product is in ac-
cord with the legisiation referred above. The medwum values
are cven considerably iess than the legal imits.

Contaminants values are also below the legal limits,
especiaily for copper ((08% ppm}, lead (46 ppm) and iron
(.28 ppra) {Table 23). The few existent resuits concemning
other contaminants seem to be low {Table 25

Table sait. For this type, the conclusions are sioular 10
those for the refined salt, but the value for halogens is very
ciose to the legat Himit, Table 19 proves that these two Kinds
of salt are identical, except for halogens and irom.

Yodized salt. Table 18 indicates that this type has charac-
teristics similar to purified salt regarding loss of mass and
sodivm chloride, but differing as to insolubles in water.
This one is not eomparable w those for purified salt, due to
the presence of icalcie phosphate utilized as stabilizer ad-
ditive’ (4.98 g'kg). The heierogeneity of the potassium
iodide is probably due to variable permanency time tn the
warehouses.

Table 21 confirms that the iodized salt coming from
purified or vaceam ones has dissimilar cherhical characteris-
tics.

FINAL SYNTHLESIS

Incomplete aspects of this paper are observed in some
aspects, principally, from the reduced number of available
samples. On the other hand, at this evolotionary stage of the
salt industry in Portagal it is not possible o specialize a
characterization of ifs product.

In fact, there are still traditional technologies which are dis-
appearing so modern anes can start. 1t will be more important
later 10 compare the data collected here with fufure ones.

I any case, the convenience of accelerating the techni-
caf development in course is shown. So, the progressive
requirements of the consumers will be better satisfied.
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