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CONVERSION FACTORS AND ABBREVIATIONS 

The metric system of u n i t s  i s  used i n  t h i s  report .  For readers  who 
prefer  inch-pound un i t s ,  the  conversion factors for the  terms used i n  t h i s  
repor t  are l i s t e d  below. 

I Multiply 2 To obta in  

pm (micrometer) 0.00003937 i n  (inch) 
mL (mil l i l i ter)  0.03382 fl oz ( f lu id  02) 

L (liter) 0.2642 gal (gallon) 
g (gram) oz (ounce) 

Explanation of abbreviations:  

i 

I - N (Nofmal, equivalents  per  liter) i mg L- 
nm (n nometer) 
vg L 

only and does not  c o n s t i t u t e  endorsement by the  U.S. Geological Survey. 

or  mg/L (milligrams pe r  l i ter)  

or pg/L (micrograms per liter) -f 

The use  of t rade  names i n  t h i s  repor t  is  f o r  i den t i f i ca t ion  purposes 



PRELIMINARY PLASMA SPECTROMETRIC ANALYSES FOR SELECTED ELEMENTS 

I N  SOME GEOTHERMAL WATERS FROM CERRO PRIETO, MEXICO 

by James W. B a l l  

U.S. Geological Survey, Menlo Park, Cal i f .  

and Evere t t  A. Jenne -- 
P a c i f i c  Northwest Laboratories,  Richland, Wash, 

ABSTRACT 

As p a r t  of a cooperat ive s tudy with the  Geologic Division of t h e  
U.S. Geological Survey, water samples co l l ec t ed  from geothermal power pro- 
duct ion wells a t  Cerro P r i e to ,  Mexico, were analyzed f o r  se lec ted  elements 
by d.c. argon plasma emission spectroscopy. Spec t ra l  in te r fe rences  due to 
t h e  presence of high concentrat ions of C a ,  S i ,  Na and R i n  these  waters 
a f fec ted  the  apparent concentration values obtained. These e f f e c t s  were 
evaluated and cor rec t ion  techniques were developed and appl ied t o  the ana- 
l y t i c a l  values.  P r e c i p i t a t e s  present  i n  the  samples a t  the  time of ana lys i s  
adversely a f f ec t ed  the  accuracy, precis ion and i n t e r p r e t a b i l i t y  of t h e  data .  
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INTRODUCTION 

The Cerro Pr ie to  g-xhennal  power production f i e l d  near M e x  zali. Ea. 2 

Cal i forn ia ,  Mexico, u t i l i z e s  hot water-steam mixtures coming from depth a t  
var ious  temperatures as i ts  energy source. 
from the  steam a s  completely as possible  for  the  most e f f i c i e n t  p lan t  op- 
e ra t ion .  The r e s u l t i n g  hot,  corrosive br ines  were analyzed to  b e t t e r  for- 
mulate s t r a t e g i e s  f o r  d i sposa l  or r e ln j ec t ion  of the  br ines  co l lec ted  from 
t h e  separators .  

The hot water must be separated 

EXPERIMENTAL 

Sample Collect ion and Preservation 

A two-phase (water and steam) sample was drawn off t h e  b r ine  e f f luen t  
&Line of the separa tor  under pressure through a coi led cond&iiser tube sub- 
merged i n  an ice/water mixture. 
f i l t e r  membrane and co l l ec t ed  i n  a 250-mL polyethylene bo t t l e .  
co l l ec t ed  using this technique is her inaf te r  re fer red  t o  as a %ondensed" 
sample. 
W S . 7  E) n i t r i c  acid.  

The sample was passed thr0ugh.a 0.43-pm 
A sample 

The sample was a c i d i f i e d  by addi t ion  of 5 mL of concentrated 

A subse t  of samples w a s  co l lec ted  by allowing the  pressurized br ine  t o  
f l a s h  through the b r i n e  sampling valve of the  separa tor  i n t o  a 1-L contain- 
er, where a significant amount of steam was allowed t o  escape. 
subsequently r e fe r r ed  t o  as "flashed" samples. 
accomplished mainly by evaporation. 
t h e  1-L container was t ransfer red  t o  a 250-mL bottle, un f i l t e r ed ,  but  
a c i d i f i e d  as above. 

These are 
I n  t h i s  case, coolLng w a s  

An a l iquo t  of the  water remaining in 

Analysis 

The samples were analyzed using a Spectraspan I11 doc .  argon plasma 
emission spectrometer havfng a Spec t r a j e t  I11 torch (Spectrametrics, Inc  , 
Andover, Mass.). 
elements was prepared by making 1 N  HN03 d i l u t i o n s  of t he  respect ive m u l t i -  
element s tandard so lu t ion  containing 1 7  elements i n  1 N HNO The 1 N HN03 - 3' was used as a blank and was prepared by d i l u t i n g  U l t r a  HN03 (J .  T. Bzker, 
Pbi l l ipsburg,  H. 3.) with deionized d i s t i l l e d  water. The multielement solu- 
t i o n  w a s  composed of alkali and alkaline e a r t h  s a l t s  of pur i ty  99.99 percent 
or b e t t e r  and o t h e r  metal salts, acids ,  and commercially-prepared so lu t ions  
of pur i ty  99.999 percent  or be t t e r .  The readout and photomultiplier modules 
were optimized, according t o  the  manufacturer's i n s t ruc t ions ,  with respec t  
ta vol tage  and gai? compatibi l i ty  t o  achieve the  bes t  combination of 
s e n s i t i v i t y  and s t a b i l i t y .  

A set of working standards for each of two groups of 

I 
I 
l 

I 

2 , 



Standard and sample so lu t ions  were analyzed as though a l l  were samples, 
with standards interspersed among samples. 
t h e  undiluted standard,  d i l u t i o n s  containing 1/2,  114, and 1/10 of the  con- 
cent ra t ion  of each element in t h e  o r ig ina l  standard were analyzed for  
construct ion of standard curves. 

I n  addi t ion t o  the  blank and 

A l i thium (LA), o r  'sodium (Na) so lu t ion  was mixed a t  approximately a 
1:11 r a t i o  with t h e  sample u s t  p r io r  t o  nebulization such t h a t  an e f f ec t ive  
concentration of 2270 mg L 
o thers ,  1978, p. 68). The L i  o r  Na increases thermal contact between t h e  
plasma and t h e  measuring zone, located d i r e c t l y  below the  plasma (Johnson 
and o thers ,  1979, p. 2 0 4 ) .  When determining L i ,  Na was used as a thermal 
buf fer  . 

-1 of L i  w a s  real ized in t h e  sample (Ball and 

Two groups of elements were determined using interchangeable cassettes. 
Cassette 1 contained slits designed t o  pass t o  t h e  photomultiplier tubes t h e  
emission l ines of t h e  following elements: 
Sr ,  T i ,  Ca ,  Fe, Ba, K, N a ,  Rb, and Al. The elements determined using 
cassette 2 were: 
T1, Lf, and Pb. 
Ag channel (cassette 1) and t h e  Sn channel (cassette 2) w e r e n o t  used be- 
cause a s t a b l e  rrmltielement so lu t ion  d id  not  r e s u l t  from a mixture contain- 
Ing these  elements. Neither t h e  background nor the  fn t e rna l  standard chan- 
nels (channels 3 and 6, respect ively,  on cassette 1, and channels 17 and 1, 
respect ively,  on cassette 2) were used with e i t h e r  cassette. 
found by p r i o r  experiment t o  make inaccurate  concentration adjustments f o r  
some elements. 

is t h e  case when using t h e  newer Model IIIA o r  IIIB microprocessors. 

8, Mn, Cu, Zn, S i ,  Z r ,  Be, Mn, 

As, Se, B i ,  Zn, Cd, Sb, Cu, N i ,  a, Mo, Cos C r ,  Fe, V, 
Analyt ical  wavelengths are l i s t e d  in t a b l e  1. The 

. -  

They were 

Elements t o  be adjusted could not  be selected indgvidually, 
as 

Table 1. - halvticd vovdenrthm for the elcamtm 

Caaoettc 1 

Channel Clement Wavelength, mn 

1 a 269.773 
2 &I 257.610 
3 Ibtwed 237.1 
4 QI 324.751 
5 & P13.856 
6 Rotwed 265.118 
7 si 251.611 
8 Zr 339.198 
9 Be 313.061 

10 ng 279.553 
11 Ag m t  wed 328.068 
12 Lr 421.552 
13 Ti 3% ,941 
14 c. 393.366 
15 Ic 371.994 
I6 Ba 455.403 
17 t 766.490 
18 R. 589.592 
19 Fb 780.023 
20 A3 396 152 

Comactte 2 

Channel Clement Wavelength, om 

1 Cot cued 265.118 
2 As 113.696 
3 se 196.026 
b ai  223.061 
5 Zn 213.856 
6 cd 214.438 
1 Sb 206.833 
8 cu 324.754 
9 Sa not w e d  283.999 
10 Ni 311.476 
11 ae 253.652 
12 m 379.825 
13 co 345.350 
14 CT 425.435 
15 re 371.994 
16 P 437.926 
17 Rot wed 300.6 
18 ti 535.016 
19 Li 610.786 

405.783 20 m 
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Data Collection and Processing 

. -  

The emission da ta  were col lected on a f l e x i b l e  d i sk  s torage  device and 
simultaneously displayed on a typewriter terminal. Each sample and approx- 
imately 1/10, 1/100, and US00 gravimetric d i lu t ions  of i t  were analyzed in 
order  t o  bring a l l  cons t i tuents  within the  measuring range of t h e  instxu- 
m a t .  The machine-readable da t a  were subsequently converted t o  concentra- 
t i o n  values ,  which were s tored  on a second f l e x i b l e  d i s k  s torage medium. 
When da ta  f o r  a l l  elements were avai lable ,  sample concentrations were cor- 
rec ted  for Interelement spec t r a l  e f f ec t s ,  which are due t o  t h e  presence of 
concomitant major elements and are observed when measuring concentrations 
of minor elements. 
t r a t i o n  data f o r  a representa t ive  concentration range of suspected in te r -  
ferent $n the absence of ana ly te  a t  t h e  appropriate wavelengths. 
r e s u l t i n g  apparent ana ly te  concentration values  were f i t t e d  t o  a series of 
var ious types o f  l i n e a r  and exponential s imple  regression equations, and 
t h e  se lec ted  f i t  parameters were recorded. The concentration of t h e  con- 
comitant element in an  unknown sample was combined with t h e  f i t  parameters 
t o  y ie ld  a aumecical va lue  f o r  i ts  in te r fe rence  which w a s  subtracted from 
t h e  apparent concentration of t h e  analyte. The resu l t ing  d -aa  were stored 
in a master data set, from which tabular  data  were produced ( tab les  2 
and 3). 

This correct ion required co l l ec t ion  of apparent concen- 

The 

Table 2. -Corrected concentrrtions of elements i n  condensed amplea 

[Valuer are rounded to three rlgnificrnt digits:  
mgg/Lmilltgrras p r  liter. )rgRmmlcrogrms per liter] 

M-5 1977 TWA143 1.280 1.M 
M-5 1978 7WA116 7.010 1,620 
M-8 1977 7sYh140 5.640 1.120 
M d  1976 7Whl17 6.90 1.nO 
M-ii ini tswr132 8.090 1.680 
I(-11 1978 78UAl45 7,450 1.690 
M-lp1 3977 78WAl41 7.550 1,680 
G19A 1978 tWAIl8 7.550 1,660 
W Z l l  1977 78Uh137 7.450 1,590 
)(26 1977 7sYA133 6.090 1.020 
M-26 1978 78UAl21 6,150 1.000 
M a t  1977 78UA136 5.130 1.080 

M-29 1977 7Wh134 6.210 1.050 
M-29 1978 TlMA124 5,740 1,060 

6 3 0  1978 78WA125 7,500 1.570 

N-31 1978 78U1127 6.680 1.200 
N-35 1977 78WA139 6.740 1.690 

two tau1112 4.050 773 

M-30 1977 TWh135 7.440 1,630 

G31  1977 lWA138 5.900 1.230 

M-35 1978 7WAl28 7.700 1.610 
w-42 io77 t ~ ~ i 4 4  6.160 1.340 
1-98 1978 ~ ~ ~ 1 3 0  169 4.85 
2444 t978 7WA131 276 2.90 

355 0.58 
4 12 0.46 
285 0.31 
317 c0.02 
865 0.54 
455 0.49 
434 0.44 

0.51 

416 0.73 
402 0.62 
270 <0.02 
20 1 <0.02 
473 1.45 
455 1.29 
520 1.65 
506 0.99 
366 0.45 
351 (0.02 
387 0.35 
368 0.21 
388 0.43 
154 45. 4 
40.1 3.86 

490 439 0.50 

33c 2 
376 1 
346 1 
322 1 
368 2 
359 2 
386 2 
376 1 
365 2 
33 1 1 
394 1 
363 1 
282 1 
271 1 

1 

355 2 
328 1 
343 1 
404 2 
418 1 
318 1 

290 373 2 

10.8 
17.2 

'0 
5 
6 
7 
7 
2 
'3 
6 
'0 
3 
4 
3 
1 
9 
8 
12 

la 
1 
6 
'1 
8 
6 
0 
0 

1.7 15.1 0. 
.7 16.0 0. 
1.4 12.2 0. 
.5 11.5 0. 
.3 16.7 8. 
'.2 17.1 7. 
1.3 15.6 8. 
1.1 14.5 8. 
1.6 16.5 7. 
1.3 10.3 0. 
.3 9.82 5. 
1.7 10.6 0. 
.l 8.13 0. 
1.7 13.9 14. 
,.6 13.1 13. 
1.0 14.7 10. 
1.0 14.1 9. 
.I 11.8 0. 
1.0 12.0 7. 
.8 14.6 0. 
1.8 14.4 0. 
1.9 15.3 0. 
1.00 0.22 0. 
1.00 0.15 0. 

8 

6 
5 
P 
E 
1 
5 
3 
6 
5 
1 
3 
i 
t 
i 
f 
1 
! 
1 
1 
1 
1 
i 

a 
13 
IO 
15 
18 
'2 
I4 
'4 
;9 
I3 
11 
i5 
18 
n 
! 
i 
! 
i5 
'3 
i6 
14 
I2 
I2 
Id 
!9 

4 30 
559 
765 
94 tl 
939 

604 
640 
584 
967 
88 1 

220 
300 
952 
485 
491 
513 
588 
579 
557 
572 
104 

7ao 

2a4 

55. 3 

15.6 1.980 
15.5 710 
11.2 633 
12.4 1.100 
10.0 390 
16.3 202 

t7.3 514 
17.2 607 
15.0 645 
15.2 T67 
10.5 315 
8.50 525 

14.6 649 
16.1 867 
17.9 1,420 
18.5 981 
13.1 9 2  
14.7 450 
14.9 965 
16.6 6.990 

1.71 447 
0.56 73.4 

17.5 437 

12.0 249 

4 

2,500 
5 92 
640 

1.100 
326 
376 
462 
378 . 
707 
650 
718 
306 
524 
714 
278 

1,690 
972 
276 
243 

1.140 

283 
342 

1,030 

49.2 
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Table 2. - b t r e c t d  oonccntr8tlon8 o f  elrmcnt8 l n  condrnsed 8apl* . -Contlnwd 

[Wur ore rounded b three aigniflc8nt dlglt8: 
mgfiri11igrma per l i t e r .  ug./Laicrcyrm. pcr l i t e r 1  

cam 1 car8 2 
)In Ln .h k 6 Q ?b 

YEU lul LOG 10 u t a  u r n  ucn USA w n  u r n  u t a  

n-5 1977 1 ~ ~ 1 4 3  860 126 98.2 137 42.1 41.2 693 
M-5 1978 lWA116 801 93.1 10.8 149 26.1 17.8 139 

M d  1978 7WAl l l  435 65.2 (6.00 144 21.6 16.3 618 

M-11 1978 18UA145 659 140 65.7 117 47.1 42.8 606 

W 2 l A  1977 78yA137 416 57.4 0.00 160 58.3 56.3 684 

U-26 1978 78UA121 320 35.7 (6.00 136 61.7 54.9 666 
N-27 19771WA136 227 56.6 (6.00 122 54.2 49.5 532 

1 2 9  1978 18YA124 471 48.2 6.47 147 19.5 67.1 927 
U-30 1977 TWA135 2.120 137 16.0 135 62.4 60.6 716 
W-30 1978 18UA125 2,430 110 (6. 00 155 15.0 61.1 843 
(1-31 1977 18UA138 142 335 270 123 51.2 46.6 609 
W-31 1978 lWA127 192 41.6 (6.00 146 59.5 43.7 706 

M 4  1977 lUA140 348 50.4 0.00 116 49.1 33.8 551 

M-11 1977 TUA132 1.020 128 42.0 127 39.0 36.3 679 

1-191 1977 lWAl41 1,nO 59.1 (6.00 141 62.4 51.7 141 
I-191 1978 fWAll8 1,910 202 123 160 47.2 38.2 811 

W-26 1911 78UAl33 326 102 15.9 125 37.0 33.2 588 

m a  i m ~ ~ ~ i a z  253 50.5 13.1 104 32.9 26.7 437 
n-29 1977 TUAI~P uo 111 58.4 120 10.0 43.5 111 

W-35 1977 78UAl39 547 66.2 18.6 137 62.4 54.1 673 
8-35 1978 78UA128 892 22.5 C6.00 163 65.0 45.3 748 
W42 1977 78YA114 432 31.5 (6.00 104 39.0 33.6 560 
I 4 8  1978 78UA130 359 Q O . 0  33.4 93.9 36.1 27.9 318 
2444 1978 TUA131 26.0 31.0 C6.00 10.1 0 .00  0.00 W . 0  

cd 
u r n  

31.5 93.9 
25.1 78.8 
29.6 15.4 
19.1 65.1 
32.5 93.3 
35.4 90.8 
45.1 105 
34.1 106 
40.2 99.8 
24.8 83.0 
36.8 . 81.1 
32.5 83.3 
23.9 58.7 
30.6 98.9 
49.6 123 
40.2 113 
51.7 123 
33.5 87.0 
38.9 lo2 
42.2 100 
46.4 120 
(4.00 81.6 
20.8 55.3 
(4.00 6.00 

c10.0 
(10.0 
(10.0 
(10.0 
(10.0 
c10.0 
12.3 
13.3 
11.0 

(10.0 
30.4 
15.2 

(10.0 
(10.0 
20.3 

(10.0 
13.3 
21.8 
10.2 
15.2 

(10.0 
(10.0 
162 
(10.0 

(10.0 0.00 
(10.0 (3.00 
(10.0 0.00 
(10.0 0.00 
(10.0 0.00 
(10.0 0.00 
(10.0 0.00 
(10.0 (3.00 
c10.0 (3.00 
(10.0 (3.00 
(10.0 0.00 
(10.0 0.00 
(10.0 a 0 0  
(10.0 c3.00 
(10.0 0.00 
(10.0 0.00 
(10.0 0.00 
(10.0 a.00 
(10.0 (3.00 
(10.0 (3.00 
(10.0 0.00 
(10.0 0.00 
(10.0 0.00 
(10.0 (3.00 

n Is st sb B i  lb t r  et ti AI  
YEU. YEARI.OGIIO u t a  w n  u t a  w a  urtn u t a  wn u t a  WR u t a  

w 4  i 9 n  ~ m ~ i a 3  113 0.96 335 499 ao.0 (10.0 UO.0 U.OO (10.0 (10.0 

W d  1977 lUA140 102 (0.36 439 574 ao.0 (10.0 UO.0 0 .00  (10.0 (10.0 

W-11 1977 7WA132 138 1.30 a 0 0  249 c80.0 ~ 1 0 . 0  ~20.0 (2.00 a0.0 a0.0 

W-19A 1978 TWAll8 117 1.03 pi 389 a 0 . 0  (10.0 e0.0 (2.00 (10.0 (10.0 
X-211 1977 7BuAl37 115 3.10 a a  658 (80.0 ao.0 u o . 0  (2.00 (10.0 (10.0 
1 2 6  1977 TU1133 118 3.14 Q O O  522 (80.0 <lO,O C20.0 C2.W (10.0 <loa0 
M-26 1978 fUA121 102 2.93 485 QOO C80.0 <lO.O U0.0 0.00 C10.0 <lO.O 
M-27 1977 T(wA136 112 1.04 540 574 8 0 . 0  (10.0 (20.0 U.OO (10.0 00.0 
W97 1978 7WAlI2 13.2 0.T6 367 484 ((10.0 (10.0 Qo.0 C2.00 (10.0 98.2 

0.89 279 595 ao.0 (10.0 QO.0 Q.OO (10.0 (10.0 
U49 1 9 9  1977 1978 T8UAl24 lp 165 0.53 294 QOO C80.0 (10.0 Q O . 0  Q.00 (10.0 (10.0 
W-30 1977 1WA135 165 1.03 469 193 CBO.0 00.0 Uo.0 U.00 C10.0 (10.0 
a-30 w a  ~ ( ~ ~ 1 2 5  157 0.94 e o 0  415 ao.0 (10.0 Q O . 0  0.00 (10.0 (10.0 
W-31 1977 78vA138 118 1.12 467 678 (80.0 (10.0 UO.0 C2.00 410.0 (10.0 
W-31 1978 18vA127 118 0.99 215 649 (80.0 (10.0 UO.0 U.OO (10.0 (10.0 
W-35 1977 7BYAf39 143 0.96 481 82211 (80.0 a o . 0  UO.0 (2.00 <10.0 (10.0 
W-35 1978 7WA128 137 0.97 a 0 0  123 C00.0 <loa0 C20.0 (2.00 <10.0 C10.0 
N-42 1977 TUA144 99.1 0.09 2l5 400 a0.0 (10.0 UO.0 Q.OO (10.0 (10.0 
1-98 1978 18UA130 67.2 CO.36 QOO . 190 C80.0 13.6 Q0.0 Q.OO (10.0 tlO.0 

W 4  1978 lWA116 92.2 1.05 201 439 <80.0 (10.0 Q O . 0  U.OO (10.0 (10.0 

W d  1978 TSWA117 60.2 (0.36 249 316 aO.0 (10.0 uO.0 C2.00 <10.0 (10.0 

X- l l  1978 7wIA145 107 1.22 392 730 aO.0 <10.0 UO.0 U.OO (10.0 (10.0 
M-lgA 1971 ?SUA141 la3 1.38 502 793 (80.0 (10.0 a O . 0  (2.00 ClO.0 <%O.O 

2444 1978 TUA131 cT.00 C0.S Q O O  Q O O  a0.O (10.0 QO.0 Q.00 <10.0 (10.0 



Table 3. - Corrected oonomtration8 of elclcnta i n  flashed rmples 

[Valuer ore rourded b three rlgnitlcant dlglta: 
y /L~1i l l lgrm8 par l l t er ,  ~b /LOlof~gt=t  pcr l l t e r l  

H191(F)1978 18111119 8,330 1,870 498 487 419 21.6 16.6 10.1 to4  20.0 484 333 
W-21 1978 TW1120 T.500 1.850 485 592 336 11.1 14.4 1.65 TO4 17.2 502 346 
126W1978 T8111122 1.330 1,250 888 927 398 16.8 11.9 6.n 1.060 11.6 632 525 
W4!TtF)l978 78111123 6.420 1,150 289 QO.0 400 15.1 11.8 0.53 478 12.4 4S6 194 
n-3otnig~8 ~ 8 ~ ~ 1 2 6  8.140 i.tao 5n 1,110 413 20.7 16.0 11.5 527 21.3 700 617 
M42(P)l978 IBWA129 6,630 1,410 3 1  447 402 18.4 16.2 9.85 T90 16.1 470 359 

W191(F11918 T8111119 1.83 101 18.3 166 T2.8 63.9 939 47.4 126 25.3 (10.0 0.00 

#-27(P)1978 18111123 0.p 36.6 (6.00 133 T0.6 55.3 656 43.2 98.1 24.3 a0.0 0.00 

M-21 1978 TW1120 0.45 69.5 <6.00 IS0 7l.T 61.8 782 43.2 104 24.3 (10.0 0.00 
_ . *  W ~ ( P ) W T ~  ~e111122 o.n 128 34.2 139 69.5 58.5 T28 43.2 92.0 32.4 <lO.O 0 .00  

16.3 (10.0 <3.W W-30(F)1978 18111126 2.93 448 306 167 96.1 75.0 966 61.3 147 
M42(F)1978 18111129 0.43 59.4 41.1 168 T0.6 50.5 140 47.4 132 (10.0 (10.0 <3.00 

W191(F)1978 18U1119 199 1.31 472 237 aO.0 (10.0 QO.0 (2.00 <10.0 <10.0 
W-21 1918 TWA120 130 2.29 418 Q O O  Q10.0 (10.0 QO.0 0.00 <10.0 (10.0 
1.26(1)1978 7811A122 153 3.43 288 201 a0.0 (10.0 00.0 (2.w c10.0 ao.0 
n - a m  i w 8  tawi 123 14s 0 . 2  245 QOO aO.0 (10.0 QO.0 (2.00 <10.0 (10.0 

M42(F)1978 T811A129 205 0.88 e 0 0  931 ao.0 (10.0 e o . 0  e.OO (10.0 (10.0 
M-30(P)1978 T8Y1126 285 1.10 303 608 (80.0 a0 .0  e 0 . 0  (2.00 ~ 1 0 . 0  a0.0 
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RESULTS 

.. - 

Accuracy of ana lys i s  is var i ab le  between elements. The f i v e  elements, 
B, Ca,  Mg, Ba, and Sr have been investigated in d e t a i l  and generally give 
prec ise  and accura te  r e su l t s .  
e i t h e r  t he  plasma or t h e  gra t ing  g rea t ly  a f f e c t  t he  precis ion of the  analy- 
86s. 
are indica t ive  of t yp ica l  changes in t h e  r e l a t i v e  in t ens i ty  seen over shor t  
time periods during a run in whfch the  instrument has been carefu l ly  stand- 
ardized and optimized. Generally, these values are acceptable f o r  most 
elements; however, note  the  difference for Rb (+7.8 percent) on cassette 1 
and Cd (4-6.6 percent) on cassette 2, t he  lat ter only 10 minutes a f t e r  
standardization. E f fec t s  such as these are reduced considerably by in- 
terspers ing t h e  samples and standards,  which provide a means of time- 
averaging t h e  s e n s i t i v i t y  changes. Sens i t i v i ty  is known t o  change as a 
funct ion of Concentration as  w e l l .  For example, self-absofption of l a  
emission causes a reduction i n  s e n s i t i v i t y  a t  t h e  20 mg L- upper measur- 
ing l imi t .  U s e  of the  second-order, multipoint standardization, which is 
p a r t  of t he  da t a  reduction technique, permits closer ca l ib ra t ion  Over the  

Changes in s e n s i t i v i t y  due t o  movement of 

Table 4 illustrates t h e  magnitude of t h i s  effect. The values  shown 

en t i r e  ana ly t i ca l  range. - 

A f u r t h e r  problem is the  possible  change in so lu t ion  chemistry between 
t h e  time of sampling and the  tkne of analysis.  
sumably co l lo ida l  si l ica,  was observed in a l l  samples a t  t h e  time of analy- 
sis. Therefore, values  l i s t e d  in Tables 2 and 3 may not  be representa t ive  
of t r u e  concentrations a t  t h e  time of sampling t o  the  extent that precipi-  
t a t i o n  or coprec ip i ta t ion  removed a f r a c t i o n  of the  elements from so lu t ion  
by t h e  time of analysis .  

A white p rec ip i t a t e ,  pre- 

Three elements, Fe, Cu, and Zn are analyzable using e i t h e r  cassette. 
I ron  values are seen t o  vary by as much as 230 percent of a mean of t he  two 
values,  while Zn values are even more divergent but  vary more systematical- 
l y ,  being general ly  much lower when us ing  cassette 2 than cassette 1. 
Cu values are below detection. 
primarily to the presence of the precipitate. 
i n t o  the  sample spray may alter the  plasma conditions,  
t u a l l y  contain coprecipi ta ted Fe, i t  may cause a "shot" s igna l  e levat ion as 
it is excited by t h e  plasma (Vivit and Jenne, wr i t t en  commun., 1978). 
secondary source of t h e  v a r i a b i l i t y  In Fe values  may be s t r a y  l i g h t  i n  the  
de tec tor  portion of t h e  o p t i c a l  system. 
are passed by cassette 1, t h e  apparent Fe values  would be elevated by t h i s  
phenomenon. 
would be reversed because of t he  very low Zn l eve l s  i n  the  samples.  
"shot" signal elevat ion is then a secondary f ac to r ,  and s t r a y  light passing 
through cassette 1 would be expected t o  become the  primary fac tor .  
rect ion technique does account f o r  s t r a y  l i g h t ,  but accuracy and precis ion 
of t h e  correct ion are present ly  unknown. 

A l l  
The v a r i a b i l i t y  i n  Fe values is probably due 

o r ,  i f  i t  should ac- 
Its sporadic Introduction 

A 

A s  more primary major-element l i nes  

For Zn, the  order of importance of the  above two phenomena 
The 

The cor- 
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Table 4. - Drlft of amsicivlty with t i m 8  

A8 

SC 

B i  

t u  

cd 
Sb 
cu 
H i  

8s 
MO 

co 

Cr 
F C  

v 
T l  
L i  
Pb 

20.3 20.3 0 B 
20.1 21.0 4 . 5  )br 

10.1 10.3 +2.0 cu 
498 510 +2.4 2n 

1014 1081 +6.6 si 
19.9 21.0 +5.5 tt 

199 197 -1.0 B e  

496 478 -3.6 Hg 
4.02 4.19 +b.2 Sr 

492 464 -5.7 T i  
990 9 68 -2.2 c. 
495 485 -2.0 FC 

9.93 9.60 -3.3 l a  
979 924 -5.6 K 
490 470 -4.1 Na 
19.7 18.7 -5.1 Rb 

3.97 3.81 A.0 &l 

1030 
520 
52 6 

515 
21.1 

523 
205 
20.8 

1056 
525 
21.1 

2124 
1058 

21.1 
21.0 

2124 
529 

1052 
527 
544 

524 
22.2 

523 
210 
21.5 

1087 
53 1 
21.1 

2243 
1075 - 

21.5 
21.4 

2290 
546 

+2.1 
+la3 
+3.4 
+1.7 
+0.5 

0 
+2.4 
+3.4 
+2.9 
+ l . l  

0 
+5.6 
+1.6 
+1.9 
+1.9 
+7.8 

+3.2 

The technique f o r  t h e  correct ion of interelement in te r fe rences  has 
been used t o  cor rec t  for t h e  e f f e c t s  of C a ,  S i ,  K, and Na on t h e  apparent 
concentrat ions of 8 ,  Mn, Cu, Zn, Zr, Sr, T i ,  Fe, Rb, Al, As, Bi, Sb, Hg, 
Mo, C r ,  T1, L i ,  and Pb. 
concentration limits (600, 600, 2000, and 8000 mg L 
observed on t h e  apparent concentrations of Be, Mg, Ba, Se, Cd, V ,  Ni, o r  Co. 
The e f f e c t  of Ca is t h e  most ser ious,  followed by the  e f f e c t  of Si, f o r  t he  
ana lys i s  of geothermal wfter. AI., T i ,  L i ,  and Pb are elements upon which 
Ca, present  a t  400 mg L- , i n t e r f e r e s  due t o  s t r a y  l i g h t  e f f e c t s  (Johnson, 
G. W., et al., 1979). .The e f f e c t  of C a  on the  apparent confentrat ion of A1 
or Pb is measurable a t  C a  concentrations as l o ~ ~ a s  10 mg L- . 
can be as  high as 1 ug L-l A 1  o r  Pb per 1 mg L Ca. In lcont ras t ,  K and Na, 
occurring a t  concentrations of about 1600 and 6000 mg L- , o r  4 and 15 times 
that of Ca, respect ively,  have comparatively minor in te r fe rence  e f f ec t s .  

No e f f e c t s  of Ca ,  S i ,  K, oflNa at t h e i r  upper 
, respect ively)  were 

The e f f e c t  
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SUMMARY AND CONCLUSIONS 

Brine samples from some wells of the  geothermal power generating sta- 
t i o n  at Cerro P r l e to ,  Mexico, have been analyzed f o r  selected elements using 
doc .  argon plasma emission 6pectroscopy. 
individual  e lanenta l  determinations were found t o  vary between elements, 
and, f o r  t h e  same element analyzable using e i t h e r  cassette, between cas- 
settes. Accuracy and precis ion were affected by t h e  formation of precipi-  
tates i n  t h e  samples a f t e r  f i l t r a t i o n  and before analysis ,  and by spec t r a l  
in te r fe rences  due t o  t h e  presence in t he  sample solut ions of high concentra- 
t i ons  of Ca,  S I ,  Na, and K. 
was possible  using present knowledge. 
adversely a f f e c t  t h e  i n t e r p r e t a b i l i t y  of t he  da ta  presented herein. 

The accuracy and precis lon of t he  

The latter e f f ec t s  were mitigated insofar  as 
However, some e f f e c t s  remain, and 
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