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Abstract: Problem statement: Heavy metals are known to be powerful inhibitofsxenobiotics
biodegradation activities. Alleviation the inhilijoeffect of these metals on the phenol biodegradat
activities in presence of heavy metals resistaas$mpld was investigatedpproach: Combination of
genetic systems of degradation of xenobiotic compoand heavy metal resistance was one of the
approaches to the creation of polyfunctional sgdor bioremediation of soil after co-contamination
with organic pollutants and heavy metaResults: A bacterial strainPseudomonas putida PhCN
(pPPhCN1, pPhCN2) had been obtained. This bactedontained two plasmids, a 120 Kb catabolic
plasmid that encode for breakdown of phenol (pPhCatl pPhCN2 plasmid (100 Kb) that code for
cadmium and copper resistant. Cyanide assimildiithis bacterium was encoded by chromosomal
genes. The inhibitory effect of cadmium Qdor copper (Ct) on the degradation of phenol and
cyanide byP. putida strains PhCN and PhCN1 (contained pPhCN1) weresiigated. The resistant
strain PhCN showed high ability to degrade phendl@yanide in presence of €r CUf* comparing
with the sensitive strain PhCN1. In addition,’Caor CU* was also found to exert a strong inhibitory
effect on the C230 dioxygenase enzyme activityhi@ presence of cyanide as a nitrogen source.
Conclusion: The presence of heavy metal resistance plasmadiatéd the inhibitory effect of metals
on the phenol and cyanide assimilation by resigtaatn.

Key words: Bacteria, cadmium, copper, plasmid, phenol degrawlat

INTRODUCTION contamination by heavy metals and organic compounds
are present can be expected and have been detected
Forty percent of hazardous wastes on thendustrial ared¥. For this reason, there is increasing
Environmental Protection Agency's (EPA) Nationalinterest® in bacterial strains that degrade aromatic
Priority List (NPL) are co-contaminated with organi compounds and tolerate toxic metals. It has preijou
and heavy metals pozllzustants that pose healthy Hazar peen shown that strains oflcaligenes eutrophus
humans and W"‘_j“f[é' . Common organic pollutants pearing plasmids of metal resistance and plasmids o
at these sites include phenol, Polycyclic Aromaticyiogegradation of polychlorinated biphenyls and-2,4
Hydrocarbons (PAHS), chlorinated solvents, cyanideichiorophenoxyacetic acid degrade these xenokiotic
herb|C|(je and pest|C|des, Wh.'le common heavy met%ore effectively in the presence of nickel or zimg
contaminants include arsenic, cadmium, Chrom'umcompared with sensitive str&if® However. to date
copper, lead, mercury, nickel and zinc. Isolation O there have been no data on the interaction of genet

baCteF'a' strains that are able to degrade mo"‘*“m .systems of aromatic compounds degradation, cyanide
organic pollutants such as phenol and cyanide, i§

becoming increasingly important for decontaminatingaﬁsgpcillition bai‘ggen:g:jaaluigensg‘ﬁggencangn?etir:ee;w?\t
polluted soil, sledges and ground wHtE. The use of P.Y>1009Y, 9 y ot

these microorganisms may face various problemsc,)'cthe key enzymein mu_ltlfunctlonal strains. .
The objective of this study was to examine the

including poor survival, substrate accessiHi]Iﬂyor the _ - ) :
presence of inhibitory compounds. Heavy metals ar@hysiological and biochemical features of phenol
known to be powerful inhibitors of biodegradation degradation in variants of the soil str&nputida PhCN
activitied®>?>2" 2% thys, their presence may impair the sensitive and resistant to heavy metals, in presefic
biodegradation of aromatic compounds in pollutedthree toxicants, cadmium (&9, copper (C&) and
sited> 1216242529231 gy ations  where simultaneous cyanide, as a nitrogen source.
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MATERIALSAND METHODS Analytical methods: The phenol degradation was

) o ) determined by monitoring the change in phenol
Chemical: Phenol, Agarose and ethidium bromide wereconcentratioi®. At different intervals of incubation,

purchased from Sigma (St. Lous, MO, USA). Sodium; mL samples were taken and transferred to an
cyanide, cadmium chloride (Cdgil nickel chloride Eppendorff tube containing 25 pL of 2% 4-
(NiClp), zinc chloride (ZnG) and copper chloride aminoantipyrene and 50 pL of 2 M ammonia. After
(CuCh, 2H,0) were procured from Merck (Darmstadt, mixing, 25 pL of 8% potassium hexacyanoferrate) (1l
Germany). Bacteriological media were purchased fronyyas added. The suspension was centrifuged at 5000
Difco (Difco Laboratories, Detroit, Michigan) andk@d  for 2 min and absorbance at 500 nm was measured and

(Oxoid Inc., Nepean, Ontario). Reagents compoundgompared with phenol standards curve.
used were of the highest grade commercially availab

Bacterial drains, plasmids and culture conditions Cyanide determination: Cyanide concentration was
Bacterial strains and plasmids used in this study a determined by a modification of picric acid as dsed
shown in Table 1P. putida strain PhCN was isolated by Myers et al?l Linear calibration curve was
from Agriculture soil contaminated with different obtained with the standard cyanide solution aovall
pesticides. This stain completely degraded phendl a Aliquots 0.05 mL of cyanide-containing solution téaf
cyanide as a sole source of carbon and nitrogenentrifugation at 15,000 g for 10 min at 4°C) weded
respectivel§’. PACN1 (pPhCN1), PhCN2 (pPhCN2) andto 0.1 mL aliquots of solution containing 0.5% (/v
PhCNM (plasmidless) strains were the cured devigati picric acid and 0.25 M Na2CO3. The resulting soloti
of wild type strainP. putida PhCN®. All isolates were were placed in boiling water-bath for 5 min, dédtto
grown aerobically at 30°C on a rotary shaker atg#0 1 mL with 0.85 mL distilled water and cooled in tap
in Luria-Bertani (LB) mediur” or Tris-buffered (MSM),  water for 30 min. The absorbance was read at 520 nm

which was prepared according to Mergetl.“. Al against a blank of distiled water and picric acid
isolates were maintained either on nutrient agemtslat  yeagent.

4°C or in 20% (v/v) glycerol solution at -80°C.

Effect of the presence of heavy metalson the growth ~ Detérmination of Minimal I nhibitory Concentration

of P. putida PhCN and its derivatives: Bacterial cells (MIC) of Cd™, Cu™, Ni*" and Zn™ against studied
were pre-grown in MSM with phenol (1 mM) and bacterial variants: Mlnlmu_m inhibitory concer_wtranons
cyanide (0.5 mM) in Erlenmeyer flasks at 2g°c(MIC) qf metals for each isolate was determlnedzr(’)m/
(150 rpm) until an optical density (QR) of about 0.5 plate-dilution method as adopted by Mergeayl %,

was reached. This culture (X°) was used to The metals Cd, CU", Ni** and ZA" were used as
inoculate Erlenmeyer flasks containing 1 mM phenolCdCk, CuCh.2H,0, NiCl, and ZnC} , respectively, in
and ammonium and/or cyanide as the sole source @Rrious concentrations ranging from 0.001-8 mM. The
carbon and nitrogen, respectively. The concentatio plates were incubated at 28-30°C for 72-96 h. The
of studied heavy metals were adjusted to 10 orld0  concentration of metal which permitted growth and
The initial OOy, was adjusted to about 0.05. Control beyond which there was no growth was considered as
flasks contained free metals medium inoculated wittthe MIC of the metal against the strain tested.bGar
the same studied strains. All cultures were incehatn ~ free  Tris-salt medium (MSM) with 1.5% agar,
an orbital shaker (150 rpm) at 28°C. @Pnm was containing phenol and ammonium or cyanide as a sole
determined periodically and used as the measure afource of carbon and nitrogen respectively, wae als
growth to construct growth curves and assess heawysed for detection of tolerance against these mefale
metal effects on biodegradation as described®#y  concentration of added phenol and cyanide in théiane

All tests were done in triplicate. was 1 and 0.5 mM, respectively.

Table 1: Bacterial strains and plasmids

Strains or plasmid Relevant characteristic(s)a Reference or source
Pseudomonas putida:

PhCN PH, Cd, CU, wild type pPhCN1, pPhCN2 carrier l

PhCN1 PH a cured mutant of PhCN, pPhCNT1 carrier @

PhCN2 Cd CU a cured mutant of PhCN, pPhCN2 carrier Presedstu
PhCNM Ph, Cd, Cua cured mutant of PhCN, Plasmidless el

Plasmids

pPhCN1 120 Kb Phcatabolic plasmid d®. putida PhCN el

pPhCN2 100 Kb CdCu,, heavy metal resistant plasmidrofputida PhCN Present study
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Preparation and crude enzyme extract: The effect of 120 kb plasmid, whereas the ability to utilize cgan
Ccd®* or CU* was studied at the same concentrationappeared to be encoded by the chromo§hme
previously mentioned for studying the effect onvgito Each plasmid in these variants was remained stable
and phenol degradatioR. putida strain PhCN and its and retained the determined phenotype phenol
derivatives were grown overnight in MSM containing degradation (ph) and/or heavy metal resistance
0.5 mM phenol. Then, the culture was diluted irsfre (cd/Cu) after several passages in non selective
LB medium, LB medium plus 0.5 mM phenol, or MSM medium. In the wild type strain PhCN (contained
containing either ammonium or KCN as a sole nitroge pPhCN1, pPhCN2), both plasmids were also
source and 0.5 mM phenol as a carbon source. Wetks maintained stably and retained the determined
harvested by centrifugation at 10,000xg for 10 min phenotype of phand CYCU after several passages in a
4°C. The pellets were washed twice in 50 mMnon selective medium.
phosphate buffer and were disrupted sonically &.4°
Cellular debris was removed by centrifugation \inimal Inhibitory Concentration (MIC) of Cd%,
(12,000xg for 20 min at 4°C). The enzymes activitycy?* Ni* and Zn®* against studied bacterial
were measured by incubating the crude enzymesoéxtrayariants: In the preliminary screening, the ability of
with 100 uM catechol or phenol in 33 mM Tris-HCI p_putida PhCN and its derivatives; PhCN1, PhCN2 and
(PH 8.0), containing 1.3 mM EDTA and 3.3 mM 2- phCNM, to form confluent growth in the presence of
mercaptoethanol, at 25°C. The activity of catedh8F  incremental concentrations of studied metal saks w
dioxygenase was determined from the rate oof eyaluated. On complete medium (LB), the wild type
oxymuconic semialdehyde ormation X375 nm, strain PhCN exhibited the highest resistance t&a®ui
E = 33.4 uM cr). The activity of catechol-1,2 Ci?in comparison with the other variants, PhCN1and
dioxygenase was determined from the rate of cis-CiPhCNM (Table 2). However, the MICs of Zrand Nf*
muconate formationa(= 260, E = 16.9 uM cFﬁ). The  for tested variants were very close.
specific enzyme activity was expressed in nano sole It has been previously demonstrated that the
of the cofactor consumed or the product formed mii  interference of a high phosphate content in thealusu
1 mg' of total bacterial protein. The protein minimal medium with a metal effect can lead to the
concentration was determined spectrophotometricallpver estimation of the MI€". Therefore, in the present
according to Lowergt al "], study, levels of resistance in wild type strain Rh&hd

its cured derivatives to 2f) CU*, Ni** and Cd" were
Plasmid analysis: Plasmids were analyzed from cells determined on Tris-medium supplemented with glucose
grown in liquid media under selective conditionseyi  as the sole carbon and energy source. As presanted
by either metals or the carbon source. Plismf Table 2, for the resistance variant PhCN , MIC df'C
P. putida PhCN strains and its derivatives were (1.5 mM) and C& (1.2 mM) were much higher than in
analyzed according to the method of Kado and*fliu  sensitive strain PhCN1 (0.03 and 0.02 mM foF'add
Standard DNA techniques were used as describe@u”, respectively). No significant difference in the
previously®. For plasmids analysis, 0.7% (wt/vol) MICs of Zrf* and Nf* among the four strains were
agarose gels with Tris borate-EDTA buffer wereobserved. Furthermore, the MICs of %Gdzr?*, Cu*
employed. The size estimate of the isolated plasmiéind Nf* for tested strains in the Tris-medium were
was obtained by comparing relative mobility on agar lower than those observed in the LB medium (Table 2

gel with standard molecular markers. This result was in harmony with those mentioned by
Mergeay et al.?”. They stated that MICs of heavy
RESULTSAND DISCUSSION metals in Tris-medium were lower than those obskrve

in a rich medium. On the other hand, the MICs of*Cd
Native plasmids in P. putida PhCN: Plasmid DNA  Zn?*, C/* and Nf* in presence of phenol and cyanide
analysis ofP. putida strain PhCN cultures grown on as sole carbon and nitrogen sources, respectif@ly,
phenol and cyanide indicated the presence of tngela tested strains were lower than those observed en th
plasmid elementd. Plasmid curing experiments Tris-medium supplemented with glucose and
produced a plasmid-free strain named as PhCNM, ammonium as sole carbon and nitrogen sources,
variant containing the 120 kb plasmid (pPhCN1) ndime respectively (Table 2). These results are condistih
as PhCN1 and a strain harboring 100 kb plasmidindings of? that the MICs of metals for catabolic
(pPPhCN2) named as PhCN2. Based on the fact thatrains in the presence of aromatic compounds as th
subsequent plasmid curing experiments demonstrateshly source of carbon are only slightly lower thhaose
that the ability to utilize phenol was encodedthg  evaluated in the presence of glucose or malate.
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Table 2: MICs of heavy metals for Pseudomonas pWRidCN and its derivatives in different culturahdibions

MIC of CP* (mM) MIC of CU#* (mM) MIC of Zré* (mM) MIC of Ni#* (mM)
Bacteril
strains LB MS+G MS+Ph MS+CN+Ph LB MS+G MS+Ph MS+CN+Ph LB SMG MS+Ph MS+CN+Ph LB MS+G MS+Ph MS+CN+Ph
PhCN 2.00 150 1.00 0.800 1.80 1.20 1.00 0.85 1 0.9.60 0.50 1.2 0.9 0.6 0.4
PhCN1 0.05 0.04 0.03 0.015 0.04 0.03 0.02 0.01 18 0.0.02 0.01 1.2 0.8 0.6 0.4
PhCN2 2.00 150 0.00 0.000 1.80 1.20 0.00 0.00 18 0.0.00 0.00 1.2 09 0.0 0.0
PhCNM 0.04 0.04 0.00 0.000 0.04 0.04 0.00 0.00 17 0. 0.00 0.00 1.2 08 0.0 0.0
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Fig. 1: Effect of cadmium and copper concentratiams the growth ofPseudomonas putida PhCN and its
derivatives in MSM medium amended with phenol antdmnium as a sole carbon and nitrogen sources
respectively. Strains symbol®){ PhCN without metals (control)m}: PhCN; (A): PhCN1; A): PhACNM

Growth kinetics:

Biodegradation of the phenol in the absence of Biodegradation of the phenol in the presence of the
heavy metals. Preliminary assays were performed tocadmium: The effect of cadmium on growth
evaluate the growth rate of wild type strain PhGiMl a parameters and phenol consumption by resistarinstra
its derivatives PhCN1 on MSM medium free from PhCN (pPhCN1, pPhCN2) and sensitive strain PhCN1
heavy metals and supplied with phenol and ammoniunjpPhCN1) was investigated. Cadmium at concentration
or cyanide as a sole source of carbon and nitrogemf 10 uM, did not affect the growth rate of PhCN,
respectively. The results shown in Fig. 1A-D indéch whereas, the growth of sensitive strains was
that both strains which harbored a catabolic pldsmi significantly reduced comparing with that of the
pPhCN1 were able to degrade the compound witltadmium free medium (Fig. 1A). Moreover, the
similar rate. However, grown on MSM medium addition of cadmium at a concentration of 10 uM did
supplied with phenol and cyanide revealed a deergas not change the rate of phenol consumption by \asist
the growth rate as well as the rate of phenoistrain PhCN, whereas Phenol consumption by seasitiv
consumption comparing with that supplied with strain PhCN1, was significantly reduced. compaied t
ammonium salt as a nitrogen source. Similar fingling that of the free-cadmium MSM (Fig. 2A.

were reported By for Pseudomonas sp. grown on Increasing concentration of cadmium by ten-fold
phenol and cyanide. (100 uM) caused a complete inhibition of growth in
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sensitive strain PhCN1 (Fig. 1B), whereas, the ¢inow This results was in agreement with previous resofits
and Phenol consumption by resistance strain PhGN weLin et al.*® which showed that copper exhibited high
slightly reduced compared to that of the free-cashmi toxicity at relatively low concentrations of 10 g".

MSM (Fig. 1B and 2B). Previously a similar finding A ten-fold increase of copper (100 pM) in MSM
has been reported for the multifunctional straifs osupplemented with phenol and ammonium as a sole
Alcaligenes eutrophus that bear plasmids of resistance source of carbon and nitrogen source respectively,
to bivalent cations, pMOL28 (cnr-Cl') and pMOL30  caused a long lag-phase (12 h) and required lang i
(czc-Cd zn" Cd) and catabolic plasmids of (48 h) for complete phenol consumption by resigtanc
biodegradation of polychlorinated biphenyls, pSS50gt4in PhCN (Fig. 1D and 2D). However , the additio
(BpH'/Cbp’) and 2,4-dichlorophenoxyacetic acid, pJP4 copper at a concentration of 100 uM to MSM was

g]rfd ) are effef;tive%gggfadecj the above pollutants in,mpietely  inhibited the growth of sensitive strai
e presence of metals”. (Fig. 1D and 20"

Biodegradation of phenol in presence of copper:

Growth response of the PhCN and its variant in th A .
presence of cupric chloride was shown in Fig. 1lot eI'he inhibitory effect of heavy metals on bacterial

concentration (10 M) in MSM supplemented with growth gnd .cyanide de_gradation were investigatesd. A
phenol and ammonium as a sole source of carbon argifoWn in Fig. 3A, addition of cadmium (10 pM) to
nitrogen, respectively, the growth rate of resistrain ~ MSM containing glucose and cyanide as the solecsour
PhCN did not affected, whereas the growth ratehef t Of carbon and nitrogen, respectively, showed egjig
sensitive strain  PhCN1 was significantly reduceddecrease in the growth rate and cyanide consumpgion
(Fig. 1C). Phenol consumption by resistance straifesistant strain PhCN (Fig. 3A and 4A), whereas,
PhCN was less active compared to the MSM free froninduced a significant decrease in bacterial grosh
copper (Fig. 2C), whereas, phenol consumption byetarded cyanide consumption by sensitive strain
sensitive strain was significantly reduced (Fig.).2C PhCNL1 (Fig. 3A and 4A).

Biodegradation of cyanide in presence of cadmium:
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Fig. 2: Effect of cadmium and copper concentratiomshe phenol utilization biyseudomonas putida PhCN and its
derivatives. Strains symbol=)( PhCN without Metals (control)mj: PhCN; (A): PhCN1; A): PhCNM
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Fig. 3: Effect of cadmium and copper concentratiams the growth ofPseudomonas putida PhCN and its
derivatives in MSM medium amended with glucose agdnide as a sole carbon and nitrogen sources
respectively. Strains symbol®){ PhCN without Metals (control)m): PhCN; (A): PhCN1; A): PhCNM

A ten-fold increase of cadmium (100 uM) caused acomplete phenol consumption by resistance strain
12 h lag-phase (Fig. 3B) and cyanide consumptios waPhCN (Fig. 3D and 4D). However, the addition of
less active by resistant stain PhCN compared toaha copper at a concentration of 100 uM to MSM was
the MSM free cadmium (Fig. 4B). Under the samecompletely inhibited the growth of sensitive strai
conditions, the growth of sensitive strain PhCNiswa (Fig. 3D and 4D§".
completely inhibited (Fig. 3B and 4B). This maydee By comparing the obtained results in Fig. 1-4, it
to the fact that when various toxicants were addedan be concluded that, low concentration of botA*Cu
together, the growth of almost bacterial isolatessw and Cd* (10 pM) did not exhibit any significant
very poor or absent, suggesting that the tolerdene  inhibitory effect on microbial growth of resistant
of heavy metal resistance strains is affected bypyma variants in presence of ammonium or cyanide as a
xenobiotic&’. nitrogen source. However, both metals at low

concentration significantly reduced the growth of

Biodegradaion of the cyanide in the presence of the  sensitive stralf”. Ten-fold increase of both metals
copper: The addition of copper at a concentrationconcentration caused slightly increase a lag phatee
10 uM to the MSM containing glucose and cyanida as case of resistant variant PhCN while was completely
sole source of carbon and nitrogen respectivelyinhibited the growth of the sensitive strain PhCNL1.
produced no appreciable affect on the growth andHowever, in the presence of KCN as a nitrogen surc
cyanide consumption by resistance variant, whike ththe overall bacterial growth and phenol consumptias
growth of sensitive strain was significantly reddice less than that observed when the bacteria grevhen t
(Fig. 3C and 4C). presence of ammonium as a nitrogen source. Medium

A ten-fold increase of copper (100 pM) , caused a&composition affects the degree and pattern of metal
long lag-phase (12 h) and required long time (66oh) inhibition of organic pollutants biodegradatioh
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Table 3: Specific activities oheta-cleaving enzyme C230 dioxygenase in a crude extfgearent strain PhCN and its derivatives grown o
different substrate. Enzyme was assayed as deddérilveaterials and methods

Substrate (Nitrogen source)

In presence of ammonium ions In presence of cyanide
Strains TSM+G  TSM+Ph  TSM+Ph+Cd TSM+Ph+Cu TSM+G T$NM+ TSM+Ph+Cd TSM+Ph+Cu
PhCN (pPhCN1,pPhCN2)  0.01 14.2 12.2 114 0.01 128 116 10.8
PhCN1(pPhCN1) 0.01 14.6 0.4 0.2 0.01 10.8 0.09 0.02
PhCN2 (pPhCN2) ND ND ND ND ND ND ND ND
PhCNM(Plasmidless) ND ND ND ND ND ND ND ND

Enzyme activity is given in U mgof protein. ND: Not Detected; G: Glucose; Ph: Rite@d: Cadmium; Cu: Copper

120 o 120
A) 1=3]

—
i

Cryanide remaining, [%)
@
I

Cyanicle remaining (%)

(£
[+

Cryanide remaining, (%)

Z
o
.

6 12 24 36 48 60 72

Time (b) ‘ Time

Fig. 4. Effect of copper concentrations on the ayantilization byPseudomonas putida PhCN and its derivatives.
Strains symbols:#): PhCN without metals (control)m): PhCN; (A): PhCN1; A): PACNM

Effect of metal ions on the phenol degradation In the absence of heavy metals, the C230 activity
enzyme activity: The C230 pathway for catechol was high when the cells were grown in the pres@fce
degradation during phenol metabolismPgeudomonas  phenol and ammonium salt as a sole source of carbon
sp. PhCN was previously demonstrdtedWhen the and nitrogen respectively (Table 3). In the presenf
activity of C230 enzyme was measured as describeHCN as a nitrogen source, the overall enzyme dgtivi

in Materials and Methods, no C230 activity waswas less than that observed in the presence of
detected in LB medium in the absence of phenol. Immmonium as a nitrogen source (Table 3).

the presence of phenol, the activity of C230 was The effect of C&# or CU#* on the 2,3-dioxygenase
negligible (Table 3). enzyme activity in the MSM containing phenol and
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ammonium as a sole source of carbon and nitroge4.
respectively, was investigated. The results in &abl
showed that both the metals had severely inhibitory
effect on the 2,3-dioxygenase activity in the stresi
strain while they had slight effect on the enzyme
activity in resistant strain Ph&R*®. The effect of C# -
or Cu* was also found to exert a strong inhibitory
effect on the enzyme activity in the presence aiige
as a nitrogen source (Table 3). This could bebaiteid

to enzymes produced into the extracellular envirentm
often face higher concentration of metals, siney tre
not protected by cell-associated metal-detoxifarati
mechanisnt¥.

6.

CONCLUSION

Multifunctional strain of Pseudomonas putida 7.
strain PhCNhat bear plasmids of resistance to bivalent
cations, pPhCN2 (CdCu) and catabolic plasmids of
biodegradation of phenol pPhCN1 ({Plre effectively
degraded the above pollutants in the presence t#lse
as compared with sensitive strain. The effect of 6d
CU** was also found to exert a strong inhibitory effect
on the C230 dioxygenase enzyme activity in the
presence of cyanide as a nitrogen source. Howéwer,
presence of heavy metal resistance plasmid alkiat g
the inhibitory effect of metals on the enzyme dtfiin
resistant strain. These findings demonstrate the
possibility of combining the plasmids of phenol
catabolism, plasmids of resistance to heavy metads
systems of chromosomal gene encoded for cyanide
assimilation. This approach can be used for thaticne
of polyfunctional bacterial strains effective for
bioremediation of soil polluted by phenol in
combination with cyanide and heavy metals.

8.
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